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{unless otherwise indicated). 

April 1.1. — {First Monday after Faster)—Mr. W. J. Dibdin— 

Further Notes on tho * Radial' Photometer, and the Proposed 
Standards of Light.” 

May I.—Messrs. Giles and Shearer—“The Real Strength 
of Aqueous Solutions of Sulphurous Acid." 

Messrs. G. Napier, Ilakc. ami Mook—“ Tho StasafurL Salts 
Industry, and its hearing on other Industries.” 

Discussion on Professor Munro’spaper published In January 
number of the Journal, “On tho Manurial Value of Filter- 
Pressed Sewage Sludge.” read January a. 

June 1.—Messrs. Salomon and W. do Vcrc Mathew—" lhc 
Influence of Phosphates upon Fermenting Worts." 

July.—The Annual General Meeting. 

Not lees of papers and communications for the meetings to bo 
sent to the Local Secretary. 

J fee liny held March 1SS5. 


SOME EXPERIMENTS UPON THAT FART 
OF THE FATENT OF MR. F. U. ItAWES 
FOR THE RECOVERY OF SULPHUR, ETC., 
WHICH DEFENDS UPON THE ACTION OF 
CARBON-DIOXIDE UPON SODA WASTE 
OR SULPHIDE SUSPENDED IN A LLQUID. 

11Y \VM. JOEL KEMP. 

Ik the process in question tho reliance is upon carbon- 
dioxide as the chemical agent for the elimination of 
hydrogen-sulphide, the carbon-dioxide being applied 
in tint manner detailed in the patent taken out by 
Mr. Rawcs early in tho year 1882. it appeared to mo 
that tlio suspension of tho sulphide in a liquid 
“intermedium,"ancl the systematic agitation spccilied, 
were definite, and most important advances upon all 
previous attempts in the same direction, and there¬ 
fore the process seemed to claim an especial interest. 

My experiments now to he described wero carried 
out during August and September, 1882, and the 
proposition started with was ;— 

11 Given pure carbon-dioxide to operate with, whether 
hydrogen sulphide would he produced Huflicicullv free 
from admixture with carbon-dioxide to he utilisalde as a 
source of sulphur or .sulphuric acid; ami whether 
practically tho whole of tho sulphur existing as sulphide 
could he uliiuiuuled by the method.” 

The waste used was partially oxidised, and con¬ 
tained a total of 21 M l parts of sulphur in 100 parts of 
dried waste, three-fifths of the sulphur being con¬ 
vertible into hydrogen sulpliido by treatment with 
hydrochloric acid. 

Jn making the first experiment a measure of moist 
wnsto equal to about 20cc. was divided into threo 
approximately equal parts, and each part placed in a 
wide-mouthed bottle with some bi-carbonato of sodti 
solution as an “ intermedium," tho use of an “ inter¬ 
medium” boing part of tho process alluded to. Eacli 
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of the three bottles (Fig. 1) was fitted with a cork 
pierced with three holes—a larger one in the centre 
through which passed a glass tube with its lower end 
dipping into tho liquid, and reaching at the upper 
end to about eight inches above tho rim of the bottle. 
This tube was sufficiently wide to admit of the easy 
working of a stout wire rod which passed through it, 
and which was bent at the lower end in such a 
manner as to form a stirrer. 

'Through the smaller holes glass tubes were passed 
in such a way as to represent the usual arrangement 
of the Woulfe’s bottle. The bottles were then con¬ 
nected in scries, and the lirst of the series attached to 
a Kipp gas generatin'; apparatus charged with marble 
and hydrochloric acid, and provided with a wash 
bottle containing water. 

The exit tube of the third bottle was connected 
with two flasks coupled together in scries, charged 
with copper sulphate solution slightly acidulated with 
sulphuric acid. Next the second ilask was a drying 
bottle containing concentrated sulphuric acid, and 
then a small weighed flask with caustic potash to 
retain any G'O.. that might pass over unabsorbed. 

The upper end of each stirrer worked in a bearing, 
and was litted with a pulley. 'The pulleys were 
coupled together by elastic bands, and one of them 


These results appeared satisfactory as to the per¬ 
centage composition of tho resulting gases, but tho 
small amount of gas expelled determined me in con¬ 
tinuing the experiments to provide for a greater 
pressure of carbon-dioxide, which was accomplished 
by fitting a tube by a cork into the neck of the Kipp 
apparatus, to the upper end of which tube was lixed 
by a pierced cork a cylinder open at the top to serve 
as a reservoir. 

'The working of the pullics and stirrers was very 
much improved, so that in the later experiments it 
was easy with a current from three Groves’ cells to 
give them a very rapid rotation. 

The receiving arrangement was also remodelled as 
shown in Fig. :i. 

The exit tube A from the last desulphurcr of the 
series was bent at an obtuse angle at li ; and was kept 
cool with moistened filtering paper during the experi¬ 
ments to condense any slight amount of moisture. 
C and D were charged with a known volume of a 
standard solution of copper sulphate, and were placed 
in a water bath kept at a temperature of about 40° G; 
E contained a small nunutity of lead nitrate to indicate 
if any hydrogen sulphide passed the copper sulphate 
unabsorbed. F was a drying bottle with concentrated 
sulphuric acid, G with caustic potash to take up the 



AiA 2 Aj Deiiulplmrcni. 

U Water Ituth. 

(J (Jriscoml*.* Motor. 

I) Iron llura. 

K Heating Arrangement. 



CuSD4 CuSO^ 


Fig. l. 


Fig. 2. 


nttached by the same means, to a small Griscombe 
(electric) motor. Tho three bottles, simulating the 
“desulphurers” described in tho patent, were placed 
in a water bath, provided with a source of heat, the 
complcto arrangement being shown iu the accom¬ 
panying illustration (Fig. 2). 

The motor was started and a slow stream of CO., 
admitted, and after some tiiuo the copper sulphate 
solution darkened in colour, ami upon heating tho 
water bath to about 45° G. a decided precipitate 
appeared. Tho pressure of carbon dioxide was only 
sufficient to propel a very weak current of gas 111 rough 
the apparatus, ami the stirrers worked only slowly, 
in consequence of the pullics requiring readjustment. 
After fivo hours tho experiment was stopped, the 
receivers disconnected from the destilpluiring bottles, 
and n current of air aspirated through tho former. 

Tho copper sulphide was then collected on a lilter, 
dissolved, and precipitated with caustic potash, mid 
tho copper woighed as oxido. The potash bottle was 
also weighed, and from tho results the respective 
weights of hydrogen sulphide and carbon-dioxide that 
were absorbed wero calculated ns follows : — 

H,S = 'OSlurams = Will percent. 

CU 3 = -000 ,. = ITS? „ 


carbon-dioxide, and in the test tube H was a small 
quantity of concentrated sulphuric ncid to prevent 
tho entrance of carbon-dioxide and moisture from the 
air. 

Tho receivers C and D were in duplicate, and tho 
duplicates were used alternately iu order that it 
might be possible to wash and dry one set before re¬ 
charging with copper sulphate solution, during which 
time the other set could lie used. This arrangement 
was necessary to render it possible to estimate the 
amounts of the gases evolved at various stages of the 
operation. Tho method adopted to estimate tho 
copper sulphide precipitated was as follows :— 

After each stoppage the receivers wero disconnected 
from tho desulphurers at I, and tho exit tube of tho 
latter was plugged. Air was then aspirated through 
the receiving apparatus C to II, after wbicii tho 
contents of the tube D wero added to tlioso of 
tho Husk, and tho whole shaken up together, nnd a 
small portion of the solution quickly filtered through 
a dry lilter. lOcc. wero then taken by a pipette 
from (lie filtrate, and the copper, after reduction by 
sulphurous acid, was precipitated by an excess 
of ammonium thiocyanate. Tho precipitate being 
filtered oil' tho oxecss of ammonium tliiocyanato was 
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estimated by titration with silver nitrate, and the 
hydrogen sulphide calculated from the results. 

In carrying out this method for the estimation of 
the residual copper, some slight oxidation of the 
copper sulphide may have occurred during the aspira¬ 
tion, and the filtration of the copper solution ; but \ 
the error, if any, due to this cause must have been 


until the issuing gas almost ceased to precipitate any 
sulphide from the copper solution. 

The liquid was then poured tiff and a portion of 
the residue, after being washed and dried at 100” C., 
was distilled with hydrochloric acid, the distillate 
being received into a solution of copper acetate, 
which proved that the solid residue was practically 



Fig. 3. 


insignificant. In the second experiment (». e., the 
first under the new arrangement) two desulphuring 
bottles were employed instead of three, ns before ; 
and a larger quantity of waste was operated upon. 

A measure fabout 20cc.) of the moist waste was 
placed in each bottle, the bicarbonate of soda solution 
added, the stirrers rotated, and a current of carbonic 
anhydride passed in. The results at stated intervals 
are given in the following table :— 


Number 

of 

Stoppages. 

Number 

or 

Hours run. 

AVelght in grammes 
of 

Gases collected. 

Percentage* composi¬ 
tion of 

Guscs collected. 

H;S 

CO, 

11,S 

o 

o 

1 

Cl 

■20G7 

•0217 

9093 

907 

2 

li 

•4371 

•0200 

9502 

1-3S 

3 

1 

•3117 

•0900 

77-70 

oo*2| 

4 

1 

•1530 

•1250 

78-37 

2103 

5 

2 

'2200 

•0200 

9100 

S-31 

0 

3 

•ICJ3 

•0170 

90'S3 

9-12 

7 

1 

•2908 

•0100 

SS-12 

irss 

8 

3 

•0350 

•0700 

90-07 

993 

a 

21 

■1130 

•0100 

iU'17 

S-S3 ' 


17 

3'1158 

•1137 

8703 

12-37 


The abovo table shows some remarkable differences 
in the composition of the escaping gases—for instance, 
see Nos. 3 and 4, where the percentages of hydrogen 
sulphide were only 77'GG and 7S’37 respectively. 

in these cases tho battery was weak, and the 
agitation consequently insullieient to utiliso fully tho 
quantity of carbou-dioxido boing passed in. This 
point will bo referred to later on. Whilst Nos. 5 
and G, where tho gas expelled is small in amount, 
show that tho pressure of carbon-dioxide was weak 
owing to tho need of replenishing tho supply of acid 
in tho generating apparatus. 

As tho residue from this experiment was not 
exhausted of sulphide, it was further subjected to 
treatment with carbon-dioxide for nino hours, ami 


exhausted of sulphide, as no prccipitato of copper 
sulphide was formed—a mere trace being indicated 
by a slight brown colouration at the edge of the 
copper solution. And this trace was probably due to 
iron-combined sulphur existing originally in the 
waste, which would of course not be acted upon by 
carbon-dioxide. 

The next trial was conducted with one desulphur¬ 
ing bottle only, the receiving arrangement remaining 
as before. 

Two measures of moist waste (each equal to about 
20ce.) were acted upon with results stated in the 
following tabic :— 


Number 

of 

StOpplIgCB. 

i 

Number 

1 of 
Hours run. 

! 

Weight in grammes 

! of i 

Gubcs collected. 

Percentage composi¬ 
tion of 

Gases collected. 

JI,S 1 

i 

i 

CO; 

1I.S 

o 

o 


i 

f -1713 

•029 

83-25 

10-75 


n 

•2130 

•071 

TC’lij 

23-35 


i 

•2702 

•121 

70-00 

30-00 

■1 

1 

■2700 

•213 

50-25 

13-75 

■ 

o 

•503S 

•223 

G8-S5 

31*15 

ill 

21 

•0271 

•185 

77-22 

22-78 

m 

11 

•5712 

•188 

71*80 

23-20 

8 

o 

•1905 

•307 

01-77 

38-23 

D 

3 

•3391 

•208 

02-00 

3S-0O 

10 

o 

•2210 

•120 

01-80 

35-20 


171 

3-7201 

1-073 

09 01 

30-99 


From tho abovo tabio it will bo soon that when 
approximately tho samo quantity of wasto formerly 
acted upon in two connected desulphuring bottles, was 
now operated upon in one, a much larger percentage 
of carbon dioxhlo passed through, showing that the 
distance travelled by tho gas in its nscension through 
tho suspended waste has a marked effect upon tho 
respective proportions of hydrogen sulphide nud 
carbon dioxido coming off, As might bo supposed, 
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the deeper the column of “intermedium ” (containing 
a given quantity of waste) the better the result in 
hydrogen sulphide. 

For this reason, and also because a great absorption 
of carbon dioxide takes place at first starting, it is 
evident that an arrangement, as suggested by the 
patentee, which permitted the use of two or more 
desnlphureM in series, and an interchange in their 
order, would be most desirable. In such a case, the 
excess of carbon dioxide passing from the first 
would be utilised by the fresher waste in the second, 
third, etc. The propriety is also pointed out of 
having the desulphuring vessels as deep as circum¬ 
stances will allow. 

The next experiment was carried out with a view 
to ascertain whether, by greatly increasing the 
number of points of contact between the ascending 
gas and the suspended particles of waste, a greater 
current of carbon dioxide could not be forced in 
without danger of its passing away unabsorbed ; and 
to this end, one desulphuring bottle was charged with 
five measures (each about 2Qcc.) of waste and a bulk 
of intermedium, reaching to the same height as in 
the previous experiments. 

The results obtained were as follows :— 



During the first 3 to -J hours the absorption of car¬ 
bonic anhydride was very great, and the quantity of 
hydrogen sulphide expelled comparatively small, 
owing to the hydrate of lime contained in the waste, 
which rerptired saturating by the carbon dioxide 
before the latter could act to any extent upon the 
calcium sulphide. 

This absorption of carbon dioxide had been 
anticipated, of course, and noticed in the earlier 
experiments, but in the present case it was more 
marked, in consequence of the much larger quantity 
of waste being operated upon. 

At this point another desulphurer, similarly charged 
to the first, was nltachcd thereto, and tho experiment 
continued, the respective weights and proportions of 
tho gases evolved being annexed :— 



From these two last experiments I found, ns 
surmised, that by acting upon a larger quantity of 
sulphide in a given bulk of “intermedium,” it was 
possible to pass in a larger supply of carbonic 
anhydride, and consequently to obtain a richer result 
in hydrogen sulphide, almost free from admixture 
with carbon dioxide. 

It now occurred to me that if, from the small 
apparatus with which I was working, I could obtain 
a current of hydrogen sulphide in sufficient quantity 
to burn from a jet, it would be an attainment not 
devoid of interest, and to that end I now proceeded 
to adapt my apparatus as shown in Fig. -1. 

Three desulphuring bottles wero now charged, each 
with about the same quantity of waste ns in the last 
experiment, and the gases evolved from- tho de- 
snlphurcrs were made to pass through three bottles. 
A, 15, and G (all containing solution of normal 
sodium carbonate), which represent the purifiers 
designed by the patentee for the absorption of wusto 
carbon dioxide. D, E, and F contained absorbents 
of hydrogen sulphide, and were used to prevent tho 
escape of the gas, should it not be obtained in 
sufficient quantity to burn from the jet, ns I had no 
fume closet of sufficient size available. JI was filled 
with dried calcium chloride. 

Four cells of a Groves’ battery were connected 
with tho motor, which gave the agitators considerable 
velocity, and a current of carbon dioxide was forced 
through the apparatus. After a short time, clip K 
was opened, and, on a light being applied to tho 
platinised burner G, the gas burned freely, with a 
flame some 2in. to 3in. long. 

The experiment was repeated several times with 
varying degrees of success, and the best results wero 
obtained when the agitation was most efficient. 

There was a marked relation between the speed of 
tho agitators and the quantity of carbon dioxide 
absorbed on the ono hand, and of tho hydrogen 
sulphide evolved on the other. As an instnuco : 
upon one occasion tho agitators were only working at 
a moderate speed, and under those conditions it was 
not possible to keep the gas burning on account of 
tho quantity of OO.j present, my arrangement of 
normal sodium carbonate solutions not being suf¬ 
ficient to absorb nil the carbon dioxide when a strong 
current of that gas was passing. On putting on, 
however, an additional cell, which probably doubled 
tho sliced of the stirrers, tho carbon dioxide was 
absorbed mid the issuing gas burned freely. It is 
thus evident that the efficiency, or otherwise, of the 
agitation is sufficient to make all the difference 
between success and failure. 

The short piece of tubing L, surrounding the burner, 
steadied the flame and prevented its floating away ns 
it was sometimes inclined to do, doubtless through 
tho prcsenco of carbon dioxide. I suppose the picco 
of outside tubing lessened the dissipation of heat 
from the burner, so that tho gas and air met nt a 
higher temperature than when the tube was dispensed 
with. 

With regard to tho application of heat to the 
dcsulphurcrs, it was found that by heating the water 
bath in which they wero to about -Jfi° 0., tho com¬ 
mencement of tho evolution of hydrogen sulphide 
was accelerated. 

I n preparing each of tho foregoing experiments, tho 
addition of tho bicnrboiinto of soda solution to tho 
wnsto caused an immediate ovolufion of hydrogen 
sulphide, showing, I think, that tho viow is correct 
that the bicarbonuto acts ns it carrier of carbon 
dioxide to the sulphide. 

Remembering that my method of passing in tho 
gas, although as convenient as I could readily adopt, 
is not to bo compared in point of efficiency with 
























148 


THE JOURNAL OF THE SOCIETY OF CHEMICAL INDUSTRY. [Mar. so, isss. 


arrangements that could bo made with apparatus 
upon a larger scale, and taking this into considerat ion, 
together with tho results obtained, it must, I think, 
bo confessed that the action of carbon dioxide upon 
soda waste, under tho conditions prescribed by Mr. 
Rawcs, is a question of considerable interest. 

Although I have spoken above of the action of 
carbon dioxide upon calcium sulphide, 1 have not 
overlooked the researches of Dr. Divers and others 
upon the changes which take place in alkali waste, etc., 
but I have sought simply to give the practical results 
of my experiments, leaving out of consideration,_ at 
the present time, those intermediate steps by which 
the final results may have been attained. 


as “Rcdonda” phosphate, so as to produco therefrom 
marketable products. 

Two methods at once suggest themselves: (a) solu¬ 
tion in mineral acid, (l>) furnacing with alkalies or 
alkaline salts. 

In considering the possibilities of solution the 
solvents are practically reduced to two—viz., hydro¬ 
chloric and sulphuric acids. 

Hydrochloric acid was quickly dismissed, as this 
acid dissolves the phosphate but does not decompose 
it, and on neutralisation of tho acid solution, phos¬ 
phate of alumina and iron is simply re-precipitated. 
The only advantages derivable from this method of 
treatment arc, first the siliceous matter can bo 



NnCO, CuSO, CuSO, PblNCU- 

1'lCi. I. 


The present investigation being very incomplete on 
certain points, it was intended to have followed it up 
by other experiments calculated to throw light upon 
the question as to the best temperature at which to 
keep the desulphurcrs, and, again, others to show the 
differences in composition of both the solid and liquid 
contents of the bottles, before and after treatment of 
definite amounts of waste and intermedium, with 
definite quantities of carbon dioxide, for definite 
periods of time, etc. 

Pressure of work, however, in other directions has, 
so far, prevented these intentions being carried out. 

DISCUSSION'. 

Mr. Ckf.sswkll said, that the weak point in Mr. 
Kemp’s interesting paper consists in his silence as to 
efficient means for procuring that pure carbonic acid 
on a commercial scale on which he relies for his 
reaction. Without such provision the practical 
nsjiect of the paper would at once disappear, lie 
might inform the meeting that while working the 
Sciiaffncr and Ilclbig process at Messrs. Chance’s 
Works, sulphuretted hydrogen had been made on 
such a large scale that it had been used in llamcs 
sometimes mnro than a foot long for making chamber 
acid, and burnt as freely ns coal gas. In decomposing 
wnste by limekiln or flue gases this direct burning 
was impossible, and a supplementary process such as 
that of Mr. Claus’ became necessary. 

-- 

THE TREATMENT OF CERTAIN PllOS- 
PHATIC MINERALS OF THE TYPE KNOWN 
AS “REDONDA” PHOSPHATES. 

JiY W. J. WILLIAMS. 

In 1878 the problem was laid beforo mo of how to 
deal with the phosphates of alumina and iron known 


separated by decantation, and second, the phosphate 
of alumina and iron is re-precipitated in a very finely 
divided condition. 

Treatment with Sulphuric Acid. In this method 
I was unable to devise any improvement on the well- 
known process of tho Into Air. Peter Spence, who 
dissolves in moderately strong sulphuric acid, 
separates from the siliceous matter by decantation 
or filtration through sand, adds ammonium or 
potassium sulphate in the necessary proportions, and 
then crystallises out the alum thus produced, leaving 
a mother liquor of phosphoric acid mixed with sul¬ 
phuric acid. It is, however, very difficult to separate 
the whole of tho alum by crystallisation from this 
strongly acid solution ; many devices for obtaining 
thorough crystallisation were only partially successful, 
and in consequence the mother liquor of phosphoric 
acid is largely contaminated with sulphuric acid and 
considerable quantities of alumina. Tho alum ob¬ 
tained contains too much iron for tho market, which 
renders its disposal a difficult matter. 

Other methods arc known for the treatment of 
“Rcdonda” by concentrated sulphuric acid, leaving 
tho alumina and iron in an insoluble condition and 
separating phosphoric acid more or less mixed with 
sulphuric acid, but on investigation these did not 
give sufficient encouragement to warrant adoption, 
as by these processes tho alumina does not seem 
obtainable in a marketable condition. 

Tho “solution” processes in acid being thus 
eliminated, I then turned my attention to alkali. 

Solution in caustic soda promised well, as sodic 
aluminalo and sodic phosphate aro formed, tho iron 
oxide and sand being left as an insolublo residue. 
This method had to lie abandoned, as it is covered by 
formor patents ; further, the costliness of tho solvent 
was a serious obstacle to its commercial success. 
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I then turned my attention to “fusion” or fur- 
nncing methods. 

The published patents of these “furnneing” 
methods arc very numerous. They include fnrnacing 
with sodium hydrate, sodium carbonate, and sodium 
sulphate with and without silica, carbon, and other 
additions. Furnneing with sodium sulphate (salt 
cake) and coal was well known to me, having taken 
out letters pntent for such a process some years 
before, when dealing with a kindred phosphate of 
alumina and iron known as “ Alta Vela” phosphate. 

Before going into the details of fnrnacing processes 
it is now time to consider the preparation of the 
raw mineral. Intimate mixture with the alkaline 
salt is, of course, of great importance, which neces¬ 
sarily pre-supposes fineness of division. “ Redondo ” 
is of a very porous texture and generally contains 
from 20% to 25% of moisture ana combined water. 
In this raw state it is dillicult to grind, ns it binds 
and chokes the mills. This objection is obviated by 
first calcining or roasting it. There are of course 
many ways of performing this, but as only a low red 
heat is required the most economical method is the 
following. The rough rock mixed with about 10% of 
fuel, preferably coke, is thrown into a vertical cylin¬ 
drical cupola, this calcines freely and thoroughly, 
splitting up into smnll lumps, which are friable, and 
can be ground to any desired degree of fineness 
through French stones ; for furnneing purposes, how¬ 
ever, it is (piite sufficient to pass the calcined 
" liedonda” through ordinary “edgo runners,” to¬ 
gether with the alkaline salt and coal or coke if 
required. This gives a sufficiently finely-ground and 
intimate mixture for practical purposes. 

Thcinlimnlcly mixed materials,“Rcdondn,” snltcake 
and coke are then thrown into a reverberatory furnace 
and roasted until the mass begins to “set" and 
get “sticky.” This operation is analogous to the 
“black ash” operation of the Leblanc process, and 
lakes about the same time, two hours being sufficient 
for each charge, nbout three-quarters of an hour on 
the “back” and one and a quarter on the “front” 
bed of the furnace. It requires, however, more at¬ 
tention from the workman, for ns the mixture does 
not fuse together or “ ball ” it must be turned over 
at frequent intervals, so as to continually expose fresh 
surfaces to the action of the flames. When drawn it 
is a little “sticky,” but on cooling breaks up into 
small lumps; indeed, it might bo more accurately 
described ns coarse powder. Towards the end of the 
furnneing operation the firo must bo urged fiercely 
and air admitted freely that the sulphur may be 
oxidised to sulphurous ncid and driven off, otherwise 
the sulphides become a serious nuisaneo in lixivin- 
tion. The finished charge should also be allowed to 
cool before being transferred to the vats. Tho sul¬ 
phurous acid is utilised as shown below. 

This method of furnneing with snltcake and coke 
produces, when the’ furnaccd ash is lixiviated, a 
solution of tri-sodium phosphate and sodium nlumi- 
nnte, according to tho following equation :— 

A11 'O, + 2( Ku I ’0 4 ) + Sit) „ + C(Xn .SU,) + CC 

= Na s A It) „ -I- :i(N'a, f'U,) + O.SU,, 4- UCO SiU „ + Fe,0„ 
leaving in the lixiviating vats an insoluble residue of 
sand and ferric oxide. 

In this way the phosphoric acid is scpnrntcd ns 
tri-sodium phosphate and tho alumina as tri-sodium 
uluminnle, but now arises tho question, “IVlint is 
the value of these products V As they stand they 
are unmarketable oxccpt in comparatively small 
quantities. It is obvious then that they must bo 
converted into saleable nrtieles, say alumina hydrate 
and calcium phosplmtn. 

First I will deni with tho alumina. 

Originally I purposed treating tho mixed solution 


1-i!) 


of tri-sodiutn nluminatc and tri-sodium phosphate 
directly with the sulphurous acid gas evolved from 
the furnace, precipitating alumina as hydrate and re¬ 
ducing the tri-sodium phosphate to di-sodium- 
hydrogen phosphate, with formation of sodium 
sulphate, according to the equation :— 

2(Na : ,AJO a ) + “(NiuROj) + 4(SO,) +11,0 
=A 1,0, + 2(Nn, II l'Oj) + 4( Na-SO,), 
and filtering off the alumina hydrate. This, however, 
did not answer, for I found that instead of obtaining 
alumina hydrntc, a retrograde action took place, the 
phosphoric acid re-combining with the alumina, and 
a mixture of alumina phosphate with alumina 
hydrate was precipitated. The proportion of phos¬ 
phoric contained in this mixture of alumina phos¬ 
phate and hydrate varied considerably, but was 
always above 24%. Whether the lye from the vats 
was taken highly concentrated at say 00° Tw., or 
diluted down to even 10° Tw., still the alumina pre¬ 
cipitated invariably contained phosphoric ncid. This 
difficulty was finally overcome by the expedient of 
crystallising out the tri-sodium phosphate from the 
“vat liquor,” and having thus separated the tri-sodium 
nluminatc, treating it with the sulphurous acid gas 
from tho furnace and precipitating the alumina 
hydrate. Tho quantity of phosphoric acid precipi¬ 
tating along with the alumina hydrate was, of course, 
dependent on the completeness of the crystallisation 
of tho tri-sodium phosphate. Ry a second crystallisa¬ 
tion, or in other words, concentrating the mother- 
liquor from the first crystallisation, and again crystal¬ 
lising out the tri-sodium phosphate, a mother-liquor of 
tri-sodium nluminatc was obtained containing.only 
1-5% to 1 '2% of the phosphoric ncid originally in the 
vat lii/uors, or about t)8% of tho tri-sodium phosphate 
could bo crystallised out of the vat liquor. 

The tri-sodium nluminnte thus obtained was then 
treated with the sulphurous acid gas from the fur¬ 
naces by means of ordinary condensing towers, which 
were carefully packed with flints. The sodic alu- 
luinntc liquor was forced to the top of the towers 
and allowed to percolate through the Hints, where it 
met the ascending stream of sulphurous acid gas, 
which reacted on the liquor, precipitating alumina 
and leaving sodium sulphite in solution. The towers 
were very carefully packed, so that the precipitated 
alumina should not choke up the interstices between 
the Hints, but practically there was little difficulty in 
keeping them clear. The alumina was then filtered 
at 90 to lOOlb. pressure and washed in filter-presses, 
and dried by steam heat under a partial vacuum at a 
temperature not exceeding 240° F. or 110°C- It was 
found to bo practically impossible to wash the 
nlumina completely free from soda salts, either in 
the washing presses, or by agitating the alumina with 
successive doses of water and re-liltcring. 

The sodium sulphite wns evaporated to dryness and 
utilised for fresh furnneings. 

TIU-SOmUM I’llOSl’UATK. 

Tho snlo for this product is very limited. It wns 
therefore decided to convert this into calcium phos- 
phntc. But this conversion could not possibly bo a 
commercial success unless tho soda were recovered 
in at least ns valuable a form ns that in which it was 
used for fnrnacing. Therefore the obvious method 
of treating tho tri-sodium phosphate with calcium 
chlorido, with production of sodium chloride, wns out 
of tho question. 

The method of using freshly-burned limo after tho 
manner of “ cnusticising” wns experimented with 
fora considerable time on thodeborntory sealo; taking 
all duo precautions for obtaining well-burned lime 
freo from carbonate, it is possible to produco a high 
strength calcium phosphate,containing phospliorieacul 
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equal to from 00 to 05% tri-calcium phosphate and a 
thoroughly causticiscd solution of soda. On the 
manufacturing scale this was, however, found to be 
impossible. The best results were obtained by the 
device of “ repeated treatments;” that is, each batch 
of phosphate of soda liquor was treated successively 
with three doses of lime, and each charge of lime 
was treated in turn with three successive doses of 
phosphate liquor, in such a way that the partially 
causticiscd liquor was finally treated with fresh 
lime, and the partially phosphated lime was finally 
treated with strong sodium phosphate, so that in the 
case of the liquor there was a very large excess of 
caustic lime, CaO, and in the case of the lime there 
was a very large excess of sodium phosphate present in 
the final treatments. In this way tho liquors were 
fairly well causticiscd, but the precipitate could not 
be completely phosphated, the results averaging about 
34% phosphoric ncid, equal to 7-1% tri-calcic phos¬ 
phate. This precipitate always contained a large 
proportion of calcium carbonate ,cvcn when the process 
was conducted in closed vessels and freshly and 
thoroughly burned lime was carefully chosen. Work¬ 
ing in closed vessels under pressures varying up to 
40lb. per square inch did not improve matters. 

The use of chalk, with or without pressure, gave 
no better results, the average being much the same 
ns with burnt lime. As this 74% phosphate was 
little better than natural phosphates, it was not con¬ 
sidered satisfactory. 

The next trial was made with calcium sulphate as 
gypsum. This gave somewhat better results than 
either lime or calcium carbonate, giving a product of 
from 80% to 85% tri-calcium phosphate when dried, 
the liquor resulting from the decomposition being, 
of course, sodium sulphate. 

Using solid matter in suspension in water, such ns 
lime, clmlk, or gypsum, it appeared as though it were 
impossible to get a .sufficiently intimate admixture of 
tho sodic phosphate liquor and the suspended lime or 
lime-salt, so as to get thorough re-action and com¬ 
plete decomposition. It then became a question ns 
to what soluble calcium salt would best produce a 
high-strength calcium phosphate,and at the same time 
produce a soda salt either of the same commercial 
value as salt-cake,or one that would serve equally well 
for future use in the furnaeing operation. As before 
mentioned, calcium chloride was out of the question. 

My friend, Mr. W. A. Hills, then suggested the 
use of the soluble calcium di-sulphides, obtained 
from old oxidised “vat waste” or “alkali waste.” 
I have made several experiments with the “yellow 
liquor” produced by treating old “alkali waste” 
with water, but the calcium phosphate formed was 
always contaminated with more or less sulphur. 
This led me to consider the idea of “blowing” or 
further oxidising the “alkali waste” until the di-sul¬ 
phides were converted in hypo-sulphites or thio-sui- 
jihates. In the oxidising process for the recovery of 
sulphur, the waste is blown until tho calcium sul¬ 
phides is converted into di-sulphide and thio-sul- 
pliatcs. but for this purpose! continued the “blowing” 
or oxidation until the di-sulphides were converted to 
the fullest practicable extent into thio-sulplintcs, and 
on lixivintion yielded, not the “yellow liquors" of 
tho sulphur recovery process; but a colourless solution 
of calcium thio-sulphate. If on lixivintion of tho 
oxidised alkali waste it was found that the liquors 
still contained any appreciable quantity of calcium 
di-sulphide, then sulphurous acid gas was forced into 
tho liquors until tho di-sulphide was converted, thus— 
C'tiS*+SO ; -I- 11 2 0=CnS-Oj+11 3 S. 

This solution of sodium thio-sulphate re-acts perfectly 
on a solution of tri-sodium phosphate, producing a 


tri-calcium phosphate of about fi0% and sodic thio¬ 
sulphate, wliich on evaporation can be utilised for 
furnaeing. 

Hero I may call attention to a somewhat remark¬ 
able re-action noticed during the experiments, which 
will, I believe, be novel to many. As before remarked, 
it was originally intended to treat the vat liquors 
directly with sulphurous acid gas from the furnace 
and thus precipitate alumina, nt the same time 
reducing the tri-sodium phosphate todi-sodium-hydro- 
gen phosphate and forming sodium sulphite, but this 
method was afterwards abandoned when it was found 
that alumina phosphate was precipitated with the 
alumina hydrate. While working on this principle, 
however, another difficulty arose, caused by this 
peculiar re-action. The mixture of sodium sulphite 
nnd di-sodium-hydrogen-phosphate was treated in tho 
ordinary way with a sufficient quantity of calcium 
thio-sulphate to form di-calcium phosphate, on the 
supposition that tho calcium thio-sulphate would de¬ 
compose thedi-sodium-hydrogen-phosphate, but would 
have no action on the sodium sulphite, thus precipi¬ 
tating di-calcium phosphate nnd leaving a mixture of 
sodium sulphite and thio sulphate. This re-action did 
indeed occur, but it was accompanied by a. re-action 
between the sodium sulphite and the calcium thio¬ 
sulphate, precipitating calcium sulphite and forming 
sodic thio-sulplmte, so that n mixture of calcium sul- 
ihite and di-calcium phosphate was precipitated, 
caving sodium thio-sulphate in solution, thus— 

NaS0 3 +Nn.ll I > 04 + 2(CftS 2 0.i)=C»S0 3 + CaII 1>0 2 
+ 2(N'a 2 SA)- 

As a mixture of calcium sulphite and di-calcium phos¬ 
phate is of no great market value, some method had 
to be adopted to prevent this production of calcic 
sulphite. This was effected by injecting air through 
the mixed sodium sulphite nnd di-sodium hydrogen 
phosphate until the sodium sulphite was “blown” to 
sodium sulphate, which is not decomposed by calcium 
thio-sulphate, the re action then taking place being— 

Nn-.-SCb + Na.J 1 1*04 4- CaS 2 03 = Call 1*04 4- Na-S^Oa 
-t-Nii-SO,. 

The di-calcium phosphate was then filtered nnd 
washed, nnd the mixed sodium sulphnto and thio¬ 
sulphate evaporated to dryness for future use. 

When it was found that the tri-sodium phosphate 
must bo scpnrntcd from the sodium nluminntc by 
crystallisation this difficulty was partially obviated, as 
to produce tri-calcium phosphate it was only requisite 
to re-dissolve the crystals nnd treat the solution with 
the proper proportion of calcium thio-sulphate to 
supply three equivalents of calcium for each equiva¬ 
lent of phosphoric acid present. If di-calcium phos¬ 
phate, however, was required, then the solution of 
the tri-sodium phosphate crystals was reduced to 
di-sodium-hydrogen-phosphate by thcsulphurousacid 
gas, the 'sodic sulphilo oxidised by injected air to 
sodic sulphate, and themixturc'of di-sodium-hydrogen- 
pliosphntu and sodium sulphate treated with sufficient 
calcium thio-sulphate to supply two equivalents of 
calcium for each equivalent of phosphoric acid. Tho 
di-calcium phosphate was then filtered at !>0lb. pres¬ 
sure and well washed, and there was no difficulty in 
washing this precipitate practically free from soda 
salts. Tho phosphate was then dried, like tho nlu- 
mina hydrate, by a steam heat under a partial 
vucuum, temperature not exceeding 240° F. or l](j°(J. 
jiy these processes the alumina is obtained ns hydrate, 
and tho phosphoric acid ns di-cnlcium phosphate, with 
recovery of soda as sodium sulphate sulphilo and thio¬ 
sulphate, which, when ovnporntcd to dryness, are 
available for use in futuro furnacings. 

This process, however, had certain objections. 
First, there was tho carriage of alkali wasto; then 
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in shooting the waste into the vats (furnished with 
perforated false bottoms for “blowing” or oxidising) 
it was found that it clogged and caked in masses, so 
that the air could not penetrate equally through the 
bulk, and consequently large uuantitics entirely 
escaped oxidation; so that, as a practical result, the 
quantity of lime obtained as calcium thio-sulplmtcwns 
about 15% to 20% on the total alkali waste. This 
small yield was only attained by a heavy outlay in 
labour, and rendered the process practically inopera¬ 
tive unless it could be carried on in closo contiguity 
to an alkali works, where tho waste could be “blown” 
without removal from the vats. Not only does this 
save the labour of moving the waste, but, owing to 
the porous or honeycombed condition in which the 
waste is left, it permits free access of air all through 
the mass, so that the sulphides nre more completely 
oxidised, and the proportion of soluble calcium thio¬ 
sulphate obtained is larger. 

While this method was being elaborated I carried 
out numerous experiments for obtaining a re-action 
between the “Kcdmwla” phosphate and sodium 
chloride. Direct fusion of tlio phosphate of alumina 
and iron with sodium chloride gave no result beyond 
a small liberation of hydro-cldoric acid gas. It then 
occurred to mo that if free hydrogen were present to 
combine with the chlorine of the salt n re-action 
might be established, which proved to be the case. 

The cheapest and most practical way of presenting 
free hydrogen t.> a mixture of phosphate and salt 
seemed to be to decompose steam by means of red- 
hot coke, while the combustion of the coke would 
serve to raise the temperature to the necessary 
degree, the coke thus serving a double purpose. Coke 
was used in preference to coal, that the escaping 
hydrochloric acid gas might be kept clear for attcr- 
wards precipitating the alumina. 

A mixture in the proper proportions of phosphate, 
salt, and coke was now prepared, ground and mixed 
together in edge runners, moistened, laid out in thin 
cakes, and dried. The cakes were then stacked in u 
small cylindrical furnace of 3 feet internal diameter 
and (i feet high, lined with Din. brickwork, and 
enough coke added to serve ns fuel, and fired. When 
the mass got red-hot a current of steam and air was 
forced through. After repeated trials good results 
were obtained, and it was found that on an average, 
D0% of the phosphoric acid in tho “Jlcdonda” was 
converted into tri-sodium phosphate. Tho re-actions 
uro expressed by. the equation— 

A11'0 4 + 2( Kel'O,) + 12(NaCI) + 0(11-0) + SiO . + xC t-xO 

= NajA1 Oj+j(Xaj 1 ’Oj) +12( 11 Cl) Ke a U-,-t .SiO 3 + xCO. 

On 1 ixivintion the tri-sodium phosphntc and sodium 
nluminatc are dissolved out from the “ash,” nnd the 
tri-sodium phosphate separated from sodium nlumin- 
nto by crystallising as before described. The mother- 
liquor, consisting of sodium aluminate, is decomposed 
by tho hydrochloric acid gas, precipitating alumina 
and reproducing sodium chloride. This decomposition 
is Gllcctud in condensing towers, in the same way ns 
previously described. The alumina hydrate is then- 
filtered nnd washed, tho sodium chloride evaporated 
for ttso in a fresh furnneing. With the use of sodium 
chloride the production of calcium phosphate is much 
simplified, for calcium chloride can now be used to 
decompose the sodium phosphate. To produce tri-cal¬ 
cium phosphate, tho crystals of tri-sodium phosphate 
are re-dissolved and calcium chloride added so that 
three equivalents of calcium uro present for each 
equivalent of phosphoric acid. To produce di-calcium 
phosphate tho dissolved tri-sodium phosplmto crystals 
aro first treated with suflicicut hydrochloric acid to 
take up one equivalent of soda, producing di-sodium 
hydrogen-phosphate nnd chloride of sodium, nnd tho 


mixture then has calcium chloride added in the pro¬ 
portion of two equivalents of calcium to one of phos¬ 
phoric acid, producing a semi-crystalline di-calcium 
phosphate, which is filtered and washed in tho 
ordinary wav. This precipitated di-calcium phosphate 
is of very high strength, containing about 05% of 
di-calcium phosphate, or about 50% of phosphoric 
ncid, equal to 100% tri-calcium phosphate. 

It maybe remarked here that calcined “Rcdonda” 
phosphate is freely soluble in ammonium citrate, 
nnd when applied, thus calcined and finely ground, 
as a fertiliser to the soil has been found of great 
ellicicncy, especially with roots and grass. 

This method could bo indirectly applied to the 
recovery of the phosphoric ncid in tho “basic slags” 
of the Thomas Gilchrist process. The sings could 
not bo furimced directly with sodium chloride in an 
atmosphere of hydrogen, or with sodium sulphate 
and carbon, for the sodium phosphate thus formed 
could not be extracted from tlie “ash” by lixiviation, 
ns the caustic lime present in tho ash would decom¬ 
pose it, precipitating calcium phosphate in the vats, 
along with the oxides of iron and manganese. By 
the methods of Messrs. Gilchrist Thomas and 
Twynani, however, the slag is dissolved in hydro¬ 
chloric acid and a large proportion of tho phosphoric 
acid precipitated from the solution ns ferric plios- 
iliate; and this ferric phosphate is then decomposed 
iy strong sulphuric ncid, forming a mixture of freo 
phosphoric nnd sulphuric acids and sulphate of iron, 
whicli is insoluble m excess of strong sulphuric acid, 
and can be separated by filtration. It appears tome 
that it would be more economical to recover tho 
phosphoric acid of this ferric phosphate, in the form 
of tri-sodium /i/ios/diate, by furnacing with salt in tho 
presence of hydrogen, and decomposing the tri- 
sodinm phosphate by calcium chloride, precipitating 
calcium phosplinto and recovering sodium chloride 
for use in future furnneings. 
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Notices or pnpers nml eommnnieations for llio meetings to 
be sent to the Local Secretary. 

Meeting held Tuesday, February 2J, 1SS5, 

SIR HENRY ItOSCOK IN' THE CHAIR. 

The Chairman : Reforo beginning the usual busi¬ 
ness of tho meeting, I wish to stato that an inter¬ 
national committee has been formed for the purposo 
of erecting a statue to the memory of Nicolas Leblanc, 
the well-known discoverer of tho Leblanc process ot 
alkali tanking. A large number of Continental 
scientilic 111011 ami chemical manufacturers lias 
boon appointed a coinmitteo for tho purposo of 
endeavouring to obtain subscriptions, with tho 
addition of Colonel Gamble, Mr. Weldon and myself, 
as representing this country. 1 feel suro that every 
member of this Society is so well acquainted 
with tho claims of Nicolas Leblanc, and with tho 
enormous vnluo of his discovery to English indus¬ 
tries, that I beliovo you will all ngreo with mo in 
thinking that it would bo only proper for this Section 
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in particular, situated in the midst of a district which 
lias profited so largely by this discovery, to send our 
acknowledgments to tho committee, and assist them 
in helping forward the movement, I shall be glad to 
receive any subscriptions to the fund, and beg to 
commence the list with a contribution of five guineas. 

—— 

THE HISTORY OF CREOSOTE, CEDRIRET 
AND PITTA CAL. 

hy professor c. schoklemmkr, k.u.s. 

Creosote was discovered by Reichcnbacli* in the 
year lSt)2 ; lie found it in the tar, as well ns in the 
pyroligneous acid obtained by the dry distillation 
of becchwood, and describes it as a colourless liquid, 
which strongly refracts light, and begins to boil at 
203° It has an unpleasant, penetrating smell, re¬ 
minding one at the same time of that of smoked ( 
meat, and possesses the characteristic property of 
coagulating albumin. Meat, after being dipped in 
an aqueous solution of creosote for half an hour or 
one hour, may be dried in the open warm air of a 
.smnuier’s day without undergoing putrefaction. Ho 
showed samples of meat thus prepared at the meet¬ 
ing of the (Jerman Naturalists in Vienna, and people 
who had made many voyages found it very tasty. 

Jicielicnbach continues : “Now, as pyroligneous 
acid by itself produces this effect, as well ns tho tar- 
water—which, according to public statements, may 
be prepared by lixiviating the soot of our sto.ves and 
chimneys—there cannot lie any doubt that creosote 
is the antiseptic , conservative principle contained in 
these liquids as well as in smoke. As we further 
know from Pliny’s tales that the Egyptians prepared 
their mummies with pyroligneous acid, which they 
obtained by carbonising the aromatic woods of their 
hot climate, wo perceive that the ultimate cause 
dwells in the new body, creosote being the mummi¬ 
fying element. The so-called costly spices used by 
the ancients at the same time, were probably nothing 
but an expedient to mask with other perfumes the 
unpleasant cinpyrcumatic smell dwelling in all the 
products of carbonisation.” 

Of tho word creosote^ which lie proposed ns the 
name for the new substance, lie says: “I derive 
it from its property to preserve meat, being the most 
striking, the most peculiar, and that which lias been 
known from the most ancient times, splat means 
in Greek ilesli, the genitive being spiarot, or spiaut, 
and contracted spiut ; means, I preserve or 

savo ; both words may etymologically he combined 
to the word creosote, meaning the meat preserving or 
saving from decay. 

Very soon after, Runget discovered carboiic acid 
in coal-tar, and Laurence { obtained from it his 
hydrate of phenyl, which later on was found to be 
identical with 1 lunge’s compound. Rut as to the 
relation existing between creosote and carbolic acid 
no .clear views were hold, and a confusion arose, 
which was kept up with an obstinacy unparalleled in 
tho history of our science, and lasting for ninny 
years. 

Range described carbolic acid as an oily, very 
refractive liquid, which, like creosote, produces a 
white spot on the skin, after which it becomes 
glistening and peels off. Liko creosoto, it precipi¬ 
tates albumin and protects organic bodies from 
putrefaction, but it does not appear to bo identical 
with smoky principle, inasmuch as moat preserved 
by it has an nbomiiinblo taste. It differs, further, 
from creosote by being an acid and forming salts. 

* ScUwoiuHor's Ncuoa Jahrbucli Clicm, 1’liyn. fl, 301, 331; 
7, 1, t>7 ; 8, 37, 399. 

I 1’omr Ann. 31, GO. t Ann. Chilli. l’liys. (3), 30,193. 


In spite of this, Reichcnbacli thought to recognise 
his creosote in carbolic acid ; he was the more in¬ 
clined to do so ns lie had previously stated that 
creosote was also found in coal-tar, animal-tar and 
amber-tar, almost as abundantly as in \vood-tar.§ 

Runge could not agree to that; he maintained 
the peculiarity of carbolic acid, and described the 
properties by which tho two bodies differed as 
exactly and correctly ns it was possible at that 
time, (j 

Laurent mentions in his well-known Memoir the 
great resemblance of plienylliydrnto with carbolic 
acid and creosote, and says : “ It is even probable 
that Range’s carbolic acid is nothing hut impure 
plienylhydrate.” Creosote, however, was regarded 
by him as a totally different body, on account of its 
higher boiling point, its inability to crystallise, even 
at 27% while plienylhydrate forms crystals melting 
at 34“ to 35°, and carbolic acid when cooled down 
depositssometimes lieedles melting above 10". Chlor¬ 
ine converts creosote intoahrown substance, containing 
no chlorophenisic acid (trichloroplicnol), which is 
readily obtained from plienylhydrate. Moreover, 
the notion of bromine, nitric acid and ferric chloride 
on the latter compound is quite different from that 
on creosote. 

These distinct statements did not prevent Gmcliii 
to refer in his hand-book to Laurent s investigation, 
in order to prove his preconceived opinion that 
j creosote, carbolic acid anil plicnyUiydratu wero 
! identical, and differing only by a certain degree 
| of purity. 

1 Gindin’s views were ncccpted by most chemists, 
tho more readily ns Reichcnbacli himself believed in 
tho identity of creosote and carbolic acid, and stated 
that lie had obtained the former from coal-tar. 

Soon carbolic acid was found in commerce under 
the name of creosote; the few chemists who were 
in possession of the genuino nrticlo could ensily 
convince themselves of tho peculiarity or creosote, 
but tliis was not suflicicnt to produce a change in 
the genera] accepted view. If about 40 years ago 
a chemist ordered creosote from a German lirm lie 
always obtained carbolic acid.‘I 

About that time, Gorup-Besancz examined a 
sample of “crystallised creosote,” and compared it 
with one from Rlansko in Moravia, where Reiehcn- 
baeh bail discovered it. He found both bodies 
totally different, but lie bad not suliicient nintcriul for 
a more exhaustive investigation.** 

A few years after lie obtained agnjn genuine 
creosote from Blankso through Ratka in Prague, 
and found that it did not givo picric acid by the 
action of nitric acid, and chlorine did not convert 
it into chlorophenisic acid, which can so easily bo 
obtained from carbolic acid. On treating creosote 
with hydrochloric acid and potassium chlorate, no 
chloraiiil CnCl^Oo was formed, but a similar body 
containing /u/droi/cnAt- 

Hardly any attention was paid to these observa¬ 
tions; Gmelin mentions them in his hand-book, 
only to add that if Gorun-Rcsancz wanted to prove 
tho existence of creosote, lie ought to have examined 
that which lie had prepared himself, and not a sample 
obtained from a wholesale druggist. 

Two years later, Gonip-Bosane/, published a moro 
extended investigation, m which ho conlinncd tho 
statements of Jicielieubncli, Rungo and Laurent. 
Tho portion boiling at 203'5 to 208° had the same 
composition ns the creosote sent by Reichcnbacli to 
Liebig, mid which Ettliug lmd analysed. By tho 
action of chlorine ho obtained bodies, which he called 

5 Poor. Ann. 31,197. 1 Ibid. 32,300 null 328. 

•J .Slohr, Comimmt. Dontmsh, Plmrin. 1NJ3, 115. 

■* Ann. Clicm, IMmnn. 113, 132. II Ib'ul, 78, 231. 
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c/iloriwitcil j >ilones, and formulated as •penlitclilorxy- 
lonc, C iIT;CI.-,0 ; i, and /ic.'ic/itoixi/lone, C 1: ,H,|CI 0 0':|. 
He (minted out tliat they bore great resemblance to 
Stiidelcr’s clilorinated quinones.* 

Although this research did not clear up the 
chemical nature of creosote, yet it furnished a com¬ 
plete proof of the fundamental difference between 
creosote and carbolic acid. 

At tho same time Vblkel published a paper on 
the same subject; he examined creosote which was 
manufactured from wood-tar in Solothurn. lie puri¬ 
fied it by repeated treatment with boiling potash 
solution, precipitation by sulphuric acid and subse¬ 
quent distillation. The oily liquid thus obtained 
boiled at 202“ to 208 c , and exhibited the general 
iropertics of Eeiehenbach’s compound; differing 
rom it, however, by its higher specific gravity and 
its composition,! as the following results of the 
analyses of Ettling, Gorup-Bcsanez and Ydlkel 
show :— 



Crccnnto from Ithiwko 
(menu of 8 nimlyacM). 
. 75*21 . 

Creosote from Solothurn 
(mean of J mmlysca). 
. 7*2*15 

Hydrogen 

. i-M . 

. 7-10 

Oxygon .. 

. 1U-S9 . 

. 20*J5 


100-00 

100 00 


Vdlkel’s creosote was therefore decidedly dilferent 
from Rcicheubach’s, and his results, instead of con¬ 
tributing to the solution of tho crcosoto question, 
made it more complicated, the more so ns Devillc, 
who analysed creosote which he had obtained from 
Reichcnbacli, and such which Pelletier had prepared, 
hail got results agreeing with those of Yiilkel.t 

Yiilkcl was of opinion that Uorup-Bcsnnez’s creo¬ 
sote had not been sufficiently purified, wherefore the 
latter subjected 500 grammes to the treatment, 
which Yolkel had employed until only a few 
grammes wore left. The amount of carbon lmd now 
diminished 1'5, and that of hydrogen only 0'2 per 
cent. 

The smell of the purified product resembled that 
of guaiaco), which is obtained by the distillation of 
guaiacum resin. Gorup-Bcsanez says that the resem¬ 
blance of puaincol with creosote had already been 
noticed, and it appeared to him probnblo that from 
the latter by repeated treatment with potash guuiacol 
might he obtained.>( 

In the same year (1855) Williamson published the 
results of experiments which Fairlic nail made, in 
order to find whether coal-tar creosote consisted of 
carbolic ucid.|| He thus discovered eresyl hydrate 
C ; 11 M 0, the next higher homologite of phenyl 
hydrate. This new compound, boiling at 203°, or 
almost at the same temperature as beech wood creo¬ 
sote, although not being mistaken for the latter, yet 
made the subject still more confused. 

A new chapter in the history of crcosoto begins 
with Hlasiwetz’s researches, “On Beech wood-tar 
Creosote and the Products of the Distillation of 
Guaiacum Rosin.”H 

By tho notion of potash on creosote from Blansko 
ho obtained a crystalline potassium compound 
OdlliilvO.j + SlLO, which when decomposed by 
sulphuric)" acid yields a colourless, oily liquid 
(C„llioO...), having an aromatic smell, a burning 
taste, and boiling at 21!)°. 

The samo body, which lie called cirosolc-{jiiai<teol 
or crensol, was found in tho products obtained by 
distilling guaiacum resin, together with its lower 
homologuo ijnniacol 0-li M 0.., which boils at 200°, 
ami which had already boon obtained by Dovillo and 
Pelletier. 


• Ann. Clicm. Plinrin. 811. 223. t Ihiil. 8(1. (Ki mill 93. 

| tiorlmnll, Trait*. Cliliu. dig. 3, 20. 
t Ami. Clicm. IMiiii-m. Oil, 311. I .Inurn, Chum. Soe. ?, 232. 
•J Aim, Clicm. Plinrin. 100, 33!i. 


Hlasiwetz was led to the conclusion tliat wood-tar 
creosote is decidedly not impure phenyl-hydrate, as 
Omelin assumed; it is also totally different from 
eo.i 1-tar creosote, consisting chiefly of eresyl alcohol. 
Most probably it is a kind of ether corresponding to 
the potassium compound, and containing the radical 
C.,Il,„ which would simply explain why creosote 
contains a larger percentage of carbon than crcosol. 

In tho following year Duclos published a paper on 
eresyl alcohol, which lie had obtained from coal-tar, 
but also found in the tar of the Giessen Gasworks, 
where only wood, chiefly pinewood, was used.** 

This is, as Gorup-Bcsanez pointed out, in contra¬ 
diction to all we know of the products formed by tho 
distillation of wood. Neither he nor other chemists 
had succeeded in detecting phenols in wood-tar. If 
Duclos found such bodies we must come to the con¬ 
clusion that pinewood yields products totally dill'eront 
from those obtained from beccliwood. 

Meanwhile Gcrlmrdttt had recalculated the formula) 
of the chlorinated xylones in C 8 1I 5 C1 ;> 0 .j and 
C 8 HiC1j0.j, regarding them ns the homologuos of 
the chlorinated quiiiones. Hlasiwetz’s results gave a 
support to the new formula.*, and Gorup-Bcsanez 
intended to commence a new investigation, but was 
prevented, inasmuch as lie could not get a new 
supply of cieosote from Blansko ; this source was 
exhausted, and different samples which ho obtained 
from other sources under tho name of beccliwood 
creosote were found to he nothing hut carbolic acid. 

in 1801, Hugo Muller brought an important con¬ 
tribution to the history of our subject. He examined 
English creosote, which was prepared in London 
from Slod'ltolm-Utr , and nppeared, ns he wrote to 
Gorup-Besnnez, to be identical with that from 
Blansko. lie isolated from it lllasiwctz’s crcosol, 
which by the action of iodine, phosphorus, and water, 
nr liydriodic acid, was resolved into? nel/tyl iodide and 
Itnmo/ii/roculcchin C 7 H 8 0.., tho higher homuloguo 
of pyrocfttcchin C (1 H n O-,jI 

cjr.oO.+m-c.n.o. + CHj. 

The investigations of Vblkel, Gorup-Bcsanez, 
Hlasiwetz, and Muller, who had examined wood-tnr 
crcosoto from three different sources, furnished tho 
most convincing proofs that it has nothing in com¬ 
mon with coal-tar creosote. Jn the way of a general 
agreement, there remained only the statement of 
lleichcnbaeh that coal-tar contained creosote, and 
that of Duclos that wood-tar contained phenols. 

Reichcnbacli, however, never proved his statement 
and as Duclos was the only chemist who found 
phenols in wood-tar, the great creosote question 
appeared now to he settled, and yet it did not come 
to rest. 

In 1805, A. E. Hofmann examined different com¬ 
mercial products which lie lmd obtained from several 
firms as genuine beccliwood creosote. He obtained 
from them phenyl hydrate, and from this lie prepared 
chloranil (<J„Cl,O..) and picric acid. Not being 
acquainted with the researches of Hlasiwetz and 
Muller, ho denied tho existence of an individual 
creosote, it being nothing else but impure plionyl- 
hydrutc, while tho chlorinated xylones consisted of a 
mixture of chloranil (tutrndilorquinoiic) nml chlor¬ 
inated phenols. The names creosote and hoxehlor- 
xylono lmd to lio removed from the list of chemical 
compounds, while it might bo convenient to retain 
the name crcosoto for tho commercial nrticle.§§ 
Gorup-Bcsanez replied tlmt llofumnn, in order to 
novo his statements, ought first to have convinced 
limsolf that ho had really to do with genuine creo- 


*• Ann. Clicm. X'linriii. I0U, 135. 

11 Trait* CHiiin. Org. 3.23. 11 Cliom. Nows, 10, 20). 

85 Joimi. Prakt. Churn, Ml. 225. 
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sotc. Witliout difficulty bo might have found that 
the druggists whom lie mentions could not. though 
with best intentions, have supplied him with beech- 
wood creosote, as it had disappeared from the 
German market long ago. Thus he would have not 
come into the position to prove, what was nlready 
known for a long time—viz., that carbolic acid was 
sold under the name of creosote/ 

This episode had, however, an issue as unexpected 
as pleasing, for Frescnius informed Gornji-Bcsnncz 
that the “ Verein fiir Chcmische Industrie in Mainz” 
manufactured creosote from bccchwood-tar, and 
brought it into commerce. In examining it, Gorup- 
Besancz found that it was different from Blansko 
creosote, but probably identical with that examined 
by Volkcl, inasmuch as the chief portion boiled at 
199-207°. lie succeeded in isolating from it a large 
quantity of (imiidcol and some cirnsul. By acting 
on the crude creosote with hydrochloric acid and 
potassium chlorate, lie obtained Mrnc/tlormiuaiacone 
(CjlI.jCLO.j) and tftrnchlorocrenmme (C K H,C1 4 0 L .), 
the latter being identical with hexchloroxylone. 
These conipounds behaved like homologues of tetra- 
cldoroquinone, and might therefore be regarded ns 
derivatives of the two yet unknown homologues of 
quinono, r/uauicone and crcosone, standing in the same 
relation to guaiacol and creosol ns quinono to liydro- 
quinonc: 


Quinono .C.H.O, | llyriroqulnono_0,11,0, 

Giminconc.0,11,0, | Ciunlncol.C,H„0, 

Crcosonc.0.11,0, I Creosol.C,ll lo 0, 

On treating the crude Rhenish creosote with iodine, 
pliospliorusnnd water,Gorup-Besanczobtaincd methyl- 
iodide and pyrocntechin, which undoubtedly were 
derived from guaiacol: 


C 7 II B 0,+HI-C c H c O-+GILT. 


The letter bearing such a great resemblance to 
pyrocntechin, it appeared that it and creosol were the 
true homologues of pyrocntechin and not of hydro- 
quinonc. There was, however, one fact in opposition 
to this view—viz., pyrocntechin boiling at 210°, or 
higher than its homologues. 

Gorup-Besanez. found, further, that the yield of 
pyrocntechin and methyl iodide falls short of that 
indicated by the above equation, a large quantity of a 
thick oil, containing phosphorus, being found, possess¬ 
ing such an abominable smell, Hint he hesitated to 
examine it more closely, its odour adhering to tho 
clothes most obstinately, that it made one socially 
impossible. 

As already stated, Hlasiwetz assumed the existence 
of the compound UhII u (C|,H|,)O s in Moravian creo¬ 
sote ; Gorup-Besanez found that the composition of 
the Rhenish creosote agreed best with tho assumption 
it contained the radical C,,! I r ,.t 

This view was opposed by Marasse.J because if the 
portion of the creosote boiling between 199-208° con¬ 
tained this radical, it ought by the notion of potash 
to yield ally! alcohol or a similar compound. But 
such a body had not been observed. Moreover 
gunincol being undoubtedly tho methyl-ether of a 
kind of phenol, and it being known that such bodies 
are not decomposed by potash, Gortip-Be.snnez’a view 
can be the less maintained as lie purified creosote by 
repeated treatment with potash and hydrochloric 
acid, without altering essentially its composition. 

But why docs the pcrcentngo composition of 
Rhenish creosote differ so considerably from that of 
guaiacol or creosol ? 


• .lourn. I’rnkt. Cliom, 07. Kl. 
t Ann. Chcm. l'lmrin. 113, ISO. Ibid, 152, 60. 


Crfonoto. Gunincol. Crconol. 


Carbon . 7*J*I4 U7*71 C0‘58 

IlydroRcn. 7*1G G*45 7‘21 

Oxygen . 2070 25*81 23*18 


100 00 100 00 100 00 


The most simple answer is furnished by the as¬ 
sumption that creosote contains, besides guaiacol and 
creosol, some compounds containing more carbon 
and less oxygen, but boiling at the same temperature 
as these two bodies. 

Mnrassc was able to prove this hypothesis ; he 
found that tho portion of creosote boiling below 199° 
contained common phenol or phenyl hydrate CalLO. 
and the higher boiling portion its homologues crcsol 
C;II B 0, or cresyl hydrate and plilorol- or pliloryl- 
hydrate 0*11, 0 0, together with guneol and creosote, 
which are the creonomcthyl ethers of pyrocatcchin and 
hoinopyrocntcchin, which is proved not only by their 
decomposition with hydriodic acid, but also by the 
fact that they can be obtained from the latter simply 
by heating tliem with potnsh and methyl iodide. 

As the initial members of both scries have different 
boiling points, that of the first member of the guaiacol- 
gruppe agreeing with the second of the phenol group, 
it becomes self-evident that the most volatile portion 
of creosoto must consist only of common phenol: 


Iloll. 

Piik.vol Rr.iur.n. Point. 

Phenol.,..Cflllft Uir .... 181* 

Crcsol ..C,H,-J£j{|»}-..203 
Plilorol..C.II,■[ 1220 


noil. 

Guaiacol Serii:*. Point. 

Gunincol..C,U,-{3[, r ir ]■.. 200' 
Creosol C.lhtCII,) J 2[! Hj J-219 


The creosote analysed by Gorup-Bcsnnez was n 
mixture of guaiacol and creosol; one consisting of 
equal parts having a composition nearly agreeing with 
that found by him : 

Cnrbon. 72" II 

Hydrogen . n uo 

Oxygen . 2UC0 


loom 

Moravian creosote contnins a larger percentage of 
carbon, being essentially a mixture of creosol and 
plilorol. 

Marasso further proved that tclrachloroguniacono 
and letrachlorocrcosonearo not derivatives of guaiacol 
and creosote, hut stand to crcsol and plilorol in the 
same relation ns chloranil or tetrachloroquinono 
to phenol. We call them now letrachlorotoluquinono 
and tetrachloroxyloquinono or tetrachlorophlorono. 

The Rhenish creosote was also examined by 
Briiuningcr; he found in his sample only traces of 
phenol, less than two percent, of crcsol,and no plilorol 
whatever. In the sample which Gorup-Besanez had 
examined henlso found but little crcsol, and still less 
phlorol§, whilst Mendelsohn and Ticiniiiin|| observed n 
large quantity of the latter compound in the portion 
of Rhenish creosote boiling at 220°. Another sample 
which Gorup-Besanez obtnined, was examined by 
Biccble, who found it to consist almost entirely of 
crcosol.lf 

Creosote is, therefore, a mixture of gunincol and 
creosol in varying proportions, with larger or smaller 
quantities of phenols. The presence of the latter 
shows that beech wood creosoto is more closely related 
to coal-tar creosoto than it was formerly believed. 
Characteristic of tho former is the presence of the 
guaincols, which do not occur in coal-tar, and which 
are undoubtedly produced by some aromatic bodies 
found only in wood, and which have been examined 
by several chemists.** 

i Ann. Chum, l'lmrin. 185,339. 

I Her. I lout Hi lt. CIiuiii. Gos. lu, 611. 

*J Ann. CIiuiii. I’liiirin. 151,101. 

" MclmmcrmidSlicpimnl, Union. ICimteliiing. Hlpimra.lliiii* 
novor, 18(17: Kriliimini, Ann. CIiuiii. l'lmrin. Sujipl,5,223; lluiitu, 
Hur. DuiiIbcIi. CIiuiii. Gch. 8, 17(1: Singur, Itluiinlsli. CIiuiii. 3, 
395; llovnn and CrosH. CIiuiii, Nows 12, 1", nml t)|; ||. Ill; 
Junrn. Cliom. Soc., 1883.1, IS. 1 
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Creosote contains, besides phenols and guaiacols, 
sonic bodies which arc insoluble in alkalis. Mendel¬ 
sohn and Tienmnn* found homojH/roai/fr/tin-rfimct/ii/l- 
elher , or vicl/ij/lcreosol, C„ H :) (C 1T.,)(0C IIwhich 
boils at 21-1-218", whilst, according to IJol'mannt, 
the higher boiling portion contains the following 
compounds, which dissolve in alkalis : 

Pyi-oKnllol-dimellijictlicr.C 8 H fl (OCII.,):OH 

McthylpyiOKitilol-fliincitliylethor . ,C a I L,(C1 UlUClljhOir 
I’ropylpyhyletlior ..C a ll,(C 3 li:)(0CIl3)^0II 

These researches cleared up the chemical nature of 
two interesting compounds, which were also discovered 
by Reichcnbaeh. 

Cedriret does not exist, ready formed, in wood-tar, 
but is obtained from it, according to Reichcnbaeh, by 
the following process : Tho rectified oil, which is 
obtained by distilling the tar, is freed from acetic 
acid by means of carbonate of potash, and then treated 
with a solution of caustic potash. The alkaline solu¬ 
tion is saturated with acetic acid, by which some oil 
separates out, while another portion is obtained by 
distilling the aqueous solution. When about one- 
third has passed over, that which follows is tested 
with a solution of ferric sulphate. As soon as this 
produces a red precipitate—the distillate is collected 
separately. All bodies which easily part with oxygen 
produce this red colouration ; as, for instance, a solu¬ 
tion of chromate potash and tartaric acid ; on adding 
it a red precipitate, consistingof needles,appears after 
five minutes, and soon fills tho whole liquid, from 
which it slowly deposits, leaving a colourless solution. 
The same change is produced by the oxygen of tho air. 

This body is cedriret, which name is composed of 
cedriinn, tar-water, and trie, net, because its crystals 
group themselves on the filter like n net.J 
According to Iteiehenbaeh, it is insoluble in water, 
spirits of wine, and all ethers, but dissolves in puro 
sulphuric acid, containing no nitric with an indigo 
blue—and in creosote with a purple colour. 

Alcohol separates it from the latter solution in tho 
form of a crystalline precipitate. 

Jierzelius says that it is only obtained in a small 
quantity ; and its preparation requires that skill in 
the treatment of cinpyrcumalie bodies in which its 
discoverer has so often proved his mastership. 

Yolkcl did not succeed in obtaining it from tho 
wood-tar which lie examined.§ 

In the year 1872, Lieberntann |J examined a blue 
substance, which ho called cwroliynone C, c 11, „O„, 
and which obtained by purifying pyroligneous acid 
by means of potassium bichromate. i| lie found it to 
be insoluble in most solvents; sulphuric acid dissolved 
it with a cornllowcr-blue colour and phenol with a 
red colour. Alcohol or ether precipitate it from the 
latter solution in beautiful steel-blue needles. Reduc¬ 
ing agents convert it into colourless /n/drooi rotiyiumc 
C,i,|li H Oii, crystallising in monoelinic prisms. On 
heating the latter with hydrochloric acid to 200’, it is 
resolved into methyl chloride and ht.r/ti/dro.ri/tli/ditiii/1 
CJ,-j li 4 (OH)ii, which, by red-hot zinc dust, is reduced 
to diphenyl C,.j 11 1(l . , 

'i’lieso facts prove that hydrocierohgnonc is tho 
tctrnmethyl-ethcr of hexhydroxydiphcnyl, and ccero- 
lignono the corresponding quinono. Liebcrmunn gives 
the following formula;:— 

Ciurulls’iioiie. IlyilrocoiroIItrnoiio. 

U-, I ^"Oll 

O Oil 

..OCIl 3 0 t ll 2 ^-OCIl, 

S 0CU 3 ^OCIL 


Marx,IT and afterwards Hofmann,** pointed out 
that Liebcrmann’s compound was nothing else but 
Rcichenbach’scedriret. Hofmann obtained it by tho 
action of potassium chromate or nitric acid on a high 
boiling oil from wood-tar, in needles haying a violet 
lustre, and says Reichcnbaeh had described it, not 
only with a precision which leaves nothing to wish 
for, but also so attractively, that one must be 
astonished how a body possessing such charming 
properties had been neglected for thirty years—nay, 
almost entirely forgotten.+t 

Licbcrmann recognised the identity of cedriret with 
ccerolignone, to which I 10 had given this name on 
account of its blue colour, of its being obtained from 
wood, and possessing the characteristic properties of 
a quinone. Ho says that as Reichcnbaeh had des¬ 
cribed it as a red body obtained from a high boiling 
oil, from which neither Vblkel nor be were able to 
prepare it, while ccerolignone had a bluo or violet 
colour, and was derived from pyroligneous acid, ho 
had formerly come to the conclusion that cedriret, if 
existing, would probably be nearly allied to, but not 
identical with, cterolignone.ff 

Hofmann, who prefers Reichcnbach’s shorter and 
very characteristic name, found afterwards that 
cedriret is a derivativcof the dimethyl-ether of pyro- 
gnllol. On adding potassium bichromate to its solu¬ 
tion in acetic acid, tho liquid becomes hot, and some 
is filled with needles, which, in transmitted light, 
appear red, and in the reflected splendidly steel-blue. 
It may also conveniently be prepared by adding hydro¬ 
chloric acid ton boiling alkaline solution of potassium 
ehronmto and pyrogallol-dimethylether, the liquid 
changing into a mass of slender reddish-brown 
ncedles.§§ 

Its formation is oxplaincd as follows 

C,u,^- OCR, 

\OH 
-Oil 


Cllsr 


+ 20 = 


CHI 




-OCII3 

'OCR, 


OH»< 


'OCtlj 

OCR, 

'^> +211,0 

loCHj 

-OCR, 



• itur. Duiitscli. Chain. (Job. 8, 11311; Tlumuim and JCoppc, 

8, GU; 11, 32tl mid 1153; 12,1371 amt 2210. 

1 llurzeliiis, Jiilirosb. 15, IDS. 

5 Ann. Chum, I’lmrin. 80,102, 


| Ibiil, IGt), 231, 


Pittacal .—Reichcnbaeh observed that the oil from 
wood-tar, which is heavier than water, after being 
freed from acids by caustic potash, yields, when stirred 
up with baryta water or baryta hydrate, a blue colour, 
which gradually changes into black. Tho new body 
thus formed he called pittacal C-erra to *a\.W), 
but gives no particulars ns to its mode of purification, 
etc., reserving it for a further communication. Ho 
describes it in the following words; “When obtained 
fiom a solution ns a precipitate orseparated by evapora¬ 
tion,it unites to a hard, brittle, dark-blue mass, having 
a dull frneturo ; like indigo, it nssumes a metallic 
reflection on rubbing, which varies from a coppery 
lustre to ft pure brass-yellow, according to its purity, 
being in tho mean a splendid golden yellow, in striking 
contrast to tho dark blue ground. This golden lustro 
appears nlso on allowing the moist mass to dry up. 
When pure, this lustre predominates in such a way 
that it cannot bo obtained without it; everything 
moistened by it—porcelain, glass, paper, linen, etc.— 
appears gilded on a blue ground. 

“ In tho pure state it is taken up by water; on stand¬ 
ing, the dilute solution deposits dark violet flakes, and 
becomes colourless ; but if concentrated nothing sepa¬ 
rates out. It dissolves freely in noetic acid, with an 
auroral colour ; alkalis throw it down again. On 
pouring an aqueous solution into concentrated potash- 
lye, tho bright bluo colour changes into a.violet bluo, 

•J Wukiioi'v Jalirosb. 1872, 827. 

•* Her. lloutBcli. Ciium. Uea. 8, UU. tt Ibid. 7, 78. 

;i Ibid. 8, IRi, tier. Uuulsuli. Cliom. ties. 11. 32V, 
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and after some time blue Hakes separate, consisting 
of fine needles. 

“It combines with metallic oxides, and gives with 
sugar of lead, tin-salt, sulphate of cornier ammonia, 
acetate of alumina, blue precipitates Laving a violet 
lustre.” 

Reichenbacli adds: “It thus appears to have a 
technical value, which for Europe, where no indigo is 

F reduced, may become of an incalculable importance. 

rcliminary experiments have shown that it may be 
fixed on cotton or linen by means of acetate of alu¬ 
mina or tin-salt, producing a fast blue, not being 
affected by light, water, soap, ammonia, urine or 
wine.”* 

Reichenbacli did not publish any more on this 
subject; nor did Ydlkel succeed in preparing it,+ and 
it was almost forgotten, till Clriitzcl, a cheniicnl manu¬ 
facturer in Hannover, nj-discovcred it. On oxidising 
the high-boiling fraction of wood-tar oil he obtained 
a colouring mntter, which lie gave to Wiehelhaus for 
further examination.! 

On purifying the crude product a compound was 
obtained crystallising from alcohol or dilute acetic 
acid in orange needles, dissolving in ammonia with a 
blue, and in the alkalis with a purple colour. On 
allowing the solution to remain in contact with air, 
or more quickly on passing carbonic acid into it, blue 
salts are precipitated, which also occurs on the addition 
of salt-solutions. They are soluble in pure water. 
Jf the precipitation proceeds slowly a skin is first 
formed on the surface, exhibiting a splendid metallic 
lustre. The salts of calcium, barium, magnesium, 
and tin give blue precipitates, often showing a golden 
reflection ; those produced by calcium and magnesium 
being soluble in pure water. 

The compound dissolves in concentrated sulphuric 
acid with a purple colour, changing by heat into a 
bright, pure blue. 

The orange crystals arc not Reichcnbach’s pittacal ; 
the latter consisting of the salts of this body, which 
Wiehelhaus, in order to avoid mistake, and in remem¬ 
brance of Lleichcubaeh’s body, called eupitluii (<o, 
beautiful). 

Hofmann § then found that this compound, which 
he calls eupittonic acid, Co-,1L (1 0,„ is obtained by 
heating the dimethyl-ether of pyrogallol with hex- 
chlorcthanc and alcoholic potash to 100° to 170 a :— 

3C 0 i i a (OCi r,hO 11 •+ c.,ci u + tk o i i = 

Cjyl lylOCIDyOy + C11 ICU.j + GIvCl + 51 l-O. 

It is also produced by inciting a mixture of the 
dimethyl-ethers of pyrogallol and inethylpyrogallol 
with caustic soda in the presence of nir ||:—' 

2C c lfj(0Clla)s01I +C;IIj(OCHj) yOU+2NnOII + :iO = 
C']allcNa..(UCil 3 ) 0 O 3 h5II..O* 

Reichenbacli obtained from the oils of wood-tar a 
liquid; which he called picamar (pice umarum), It 
boiled at 285° ; had a faint but unpleasant smell, and 
a bitter, burning taste, which afterwards becomes 
cooling like that of peppermint. Its alcoholic solu¬ 
tion gave with baryta-water pittacal. and from this 
it appears that his picamar contained the dimethyl- 
ethers mentioned above. 

Eupittonic acid contents two atoms of hydrogen, 
which can bo replaced by metals. On adding caustic 
soda to its alcoholic orange solution it changes into 
splendid blue colour,a ilocculent precipitate of fodium 
eupitlonulc CjuH ( |0(0CU;,)(0iS f a).j separating out, 
which after 2-1 hours is converted into a mass of 


• SchwolKk'. Non. Julirl). Clicin. IMiys. 8, 1. 
t Ann. Clicin. I'linrm. 811, 1011. 

! Her. Doutauli. Clicin. (Jim., 3, 381; UriUzol, Ibid. II, 20S5 
i ibid. 11. 1115. 

[ Her. ncutuch. Clicin, (Jim. 12, 1371 anil "JIG. 


small prisms having a beetle-green lustre. Jtarinm 
cupittonate C, 0 II t ,0(0CM :1 ) fl 0.jRa is a*,precipitate 
consisting of blue needles, while the lead-salt crystal¬ 
lises in pale reddish needles. 

At the same time when Reichenbacli carried out 
his researches at Blnnsko, ltungc in Berlin examined 
the constituents of coal-tar, in which ho discovered 
carbolic acid, ns already mentioned. On treating 
coal-tar oil with milk of lime, and allowing the solu¬ 
tion to remain in contact with air, it coloured red, 
a compound being formed which he called rosolic 
ncid.^T It is easily seen that the formation of this 
body is quite analogous to that of pittacal. But the 
constitution or these two compounds is also perfectly 
analogous, rosolic acid or uuriii , as it is now called, 
being obtained by heating carbolic acid with oxalic 
and sulphuric neids :— 

3 C„I r 6 0 + C.II..O4 = CjyTInOj + C 1 I- 0 - + 211.0. 

Now eupittonic acid is hexmethoxylaurin — 
C,.jlfj(OCIfj)jOj, 

which is proved by its formation ns well as by its 
properties. On heating atirin with ammonia, it is 
converted into pnrarosutiiline :— ** 

C,.jlInOj+3KB 3 =Ci a Hi-Nj + 21IO. 

In the same way Hofmann converted eupittonic 
acid into hexmethoxylpararosanilinc — 


Ci 3 II„(OC1I 5 ) 0 N 3 , 

which dyes silk, sulphurated wool, and tannated 
cotton a fine and pure blue. 

I have already stated that the guaincols, ns well ns 
the other methyl-ethers contained in wood-tar, owe 
their origin to certain aromatic compounds contained 
in wood. Although we know but little of them, wo 
have got a clue to their formation. The cnmbinl 
liquid of the coniform, from which in spring and 
early summer the new wood is formed, contains the 
glncoside coni/erin 0, n lL. 3 0 8 , which, as llnarmnnn 
and Tiemanntt have shown, is by the action emulsin, 
a ferment contained in almonds, resolved into grape 
sugar and coniferyl nlcohol :— 


/ 0,,IL.01f /CylL.OIf 

Cylly^UCU;, +11-0 = C u II 3 ^-0(JII 3 +C c lI| S! O tf 

\uc 0 ii„o 5 \uii 


Coniferyl alcohol, ns well ns coniform, arc converted 
by oxidation into vunillinii, which gives to vanilla 
its delightful smell. 

The same compound may, as Reimers and Tiomann 
found, be obtained from wood-tar, it being formed 
by heating guaincol with chloroform and caustic 
potash:— 

/OCR, /OCH 

C,H 4 < +CIICI a + 3KOIl = C (i H 3 <™-OC!lf 5 + 

\01I \OIL 

3ICCI+21I-0. 


By a similar rcnction Reimers has converted phenol 
in salicyluldchyde, a constituent of the aromatic oil 
of the meadow-sweet (Spirit'd Ul mar in ). 

I map further mention that Griffiths has found 
phenol 111 the stem leaves and cones of the Scotch fir 
(Puinx mlvcslris).\\ 

Pelletier and Walter, in the introduction to their 
Memoir on the chemical investigation of the products 
formed in the preparation of illuminating gas from 
resin, say that cheniicnl operations which are carried 
on a largo scnle permit tho observation of certain 
phenomena, and tho investigation of certain laws, as 
well 11 s tho discovery of new products, which by 


■j I’ocK- Ann. 31. 70. 

Pulo nmt Sclinrlcniiiior, .limrn. Chi n). Sop., 1877, 2, 121. 
It Her. llentscli. Clicin. Gcu. 8, 803, 
ti Ibid. II, 123. t§ Clicin, Nows, 13,35, 
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working in tlio laboratory would Imvo escaped our 
notice, t^iemical industry, which, in its advance, 
uses theories as scouts, thus pays back its debt to t he 
chemists who have, given assistance in furnishing 
them with new compounds for their examination, and 
thus extending the sphere of our science. 

Thus the manufacture of coal-gas has made chemists 
acquainted with some new bodies of the greatest 
interest. Without gas-lighting we should probably 
have yet to discover Faraday’s liquid hydrocarbons 
(butylene and benzene), Kidd's naphthalene, and 
Dumas and Laurent’s para-naphthalene (anthracene). 

It is scarcely necessary for me to enumerate here 
how many new and important bodies have since been 
obtained from coal-tar. This black, foetid substance, 
formerly a large, cmbnrrassing bye-product, has now 
become of the highest importance for the production 
of most splendid colours. Hand-in-hand with the 
development of this new chemical industry went 
scientific researches, which, without the use of coal- 
gas, could never have been undertaken. For the 
chemistry of the aromatic compounds coal-tar has 
become an, as yet, inexhausted source for new bodies, 
and for the artificial preparation of such as hitherto 
found only in the organic world. 

Hut also the investigation of wood-tar has largely 
contributed to the development of organic chemistry, 
ns shown by the short historic sketch which 1 have 
laid before you. 

What a revolution, not only in chemical industry, 
but also in dyeing, calico-printing, and even in agri¬ 
culture, the discovery of coal-tar colours has wrought, 
I need not dwell upon here. 

Hofmann said in his reports on the Exhibition of 
1802, speaking of these new colours, that England 
may ere long send her coal-derived blues to indigo¬ 
growing India, her tar-distilled crimsons tocochincal- 
producing Mexico, and her fossil substitutes for 
quercitron and salllower to China and Japan. 

This prediction has not been quite fulfilled ; but 
stranger events have happened. Who would then 
have thought that in less than twenty years the 
cultivation of madder would almost be a thing of the 
past ? A few years ago a friend of mine, an eminent 
chemist, whoso name I have mentioned to-day, was 
travelling in the South of France; after having seen 
all the sights of old Avignon, ho requested his guide 
to take him to the madder plantations, but was told 
they did not grow any more. On being asked why, 
he replied, “ Monsieur, it is now all made by 
machinery.” 

The cultivators of cochineal might almost say the 
same; the beautiful colourcontained in it has not yet 
been obtained artificially, but substitutes have been 
found which have supplanted cochineal almost com¬ 
pletely. 

Coal-tar is not only a source of a host of most 
splendid colours, but also of valuable medicines— 
substitutes for quinine,—and the time is not far 
distant when quinine itself and other alkaloids will 
bu prepared from tar. When on the Continent last 
year I visited ono of tho largest chemical works, 
where some new buildings were in course of erection. 
Asking my friend what they were for, ho replied, 
“These are our future quinine works.” Wlmt then 
was said ns a joke may soon bo said in earnest, 

-- 

DISCUSSION ON THE “RIVERS POLLUTION 
BILL." 

Silt 11 f.nky ltoscou said: As you aroawnro, thoCouuci! 
of our Society has rcouested tho various sections to 
consider and discuss “Tho Prevention of Pollution of 


Rivers Bill,” which has been prepared and brought into 
the House of Commons by Mr. Hastings, Earl Percy 
and Colonel Walrond, in November last, and which 
cither in its present form or in an amended form may 
be brought before Parliament this session. Of the 
importance and at the same time the ditliculty of 
legislating on this question, you are fully aware, and 
the differences of opinion which have been already 
expressed by various members of this Society, serve 
to show the obstacles which have to be overcome 
before tho question can be satisfactorily solved. 
Before askingany of the members or strangers present 
to favour us with their views on this question, I may 
perhaps be allowed to state shortly the outcome of 
the opinions which have been so far expressed by 
various members of the Society in other sections. 

[The Chairman then rehearsed the leading argu¬ 
ments of the principal speakers in the meetings of 
tho other Sections where the subject had already 
been discussed. He then proceeded] 

These abstracts give an idea of the various opinions 
entertained on this subject,, so far us the discussion 
has already progressed. Of the advisability or neces¬ 
sity for some regular enactments there seems to be a 
general concensus of opinion. It also appears to be 
shown and felt that the application of a uniform 
standard to rivers throughout tho country is inexpe¬ 
dient in the interests of the manufacturing industries 
of the country. Opinion is, however, much divided 
ns to whether standards of purity of any kind should 
be ndopted or not, and the ditliculty of arriving at 
standards for every river, or rather for every part of 
every river, is tuo evident to need discussion. Nor 
is it necessary to enlarge on the essential difference 
between n rigid application of standards of purity in 
the case of the Alkali Acts, when every manufacturer 
is supplied with an unlimited quantity of the pure 
article—viz., air—and the application of similar 
unvarying standards to the case of water, which is 
supplied neither in quantity nor in quality to any 
manufacturers alike. The only course which then 
appears to bo left open is to treat each case 
in its own merits, or to establish certain broader 
limits, which may be applicable to all cases. The 
proposal that county boards should take charge of, 
and have control over, the running water, whether 
pure or impure, in its district, appears to me 
to be the ono most likely to lead to satisfactory 
results ; each would be well acquainted with tho 
necessities and possibilities of its particular county, 
and would apply under proper scientific advice, and 
with due control from a central authority ns tho 
Local Government Board, such regulations ns nro 
possible and suitable. 

Alderman Wai.msi.KY, Chairman of the Rivers 
Conservancy of tho Salford Corporation, said: I liavo 
come here to listen rather than to spenk, because I 
want a great deal of belli and guidance, and I thought 
I might elicit something from the discussion which 
would be of service to mo in connection with tho 
Borough of Salford. I. have listened with a great 
deni of interest to the details of the Bill, as described 
by the Chairman, and to the lesults of tho discussions 
of the various sections of your Society, and I must 
say that tho outcome to my mind is one of almost 
hopeless confusion. Men of eminence in' tho scientilie 
world seemed to vie with each other in contradiction, 
so that comparatively unscicntilic men, like myself, 
are at a loss how to deal with tiro practical difficulties 
which havo to bo contended with. I was very much 
struck with the remark of ono gentleman to the effect 
that ho would do away with all standards of purity, 
and roquiro manufacturers to return tho water to tho 
streams in the same condition ns they receivo it. If 
that rule wero carried out by all manufacturers up to 
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the source of the river, they would have pure rivers 
so far a3 regards manufactories. Public authorities, 
in dealing with this question, had to consider two 
aspects of it. Firstly, they had to take earo that 
nothing was done that would bo calculated to inter¬ 
fere with the commercial interests too much ; and, 
secondly, they had to consider the health of the com¬ 
munity, and look at it in a similar manner ns they 
did with regard to the smoke nuisance. I think any¬ 
one who has tried to deal practically with the diliiculty 
of sewage pollution must feel very disheartened. I 
have at the present tiino an investigation going on as 
to the state of the Irwcll from Manchester up to its 
source, and when I first began that investigation, I 
had some hope that the matter might be grappled 
with, but I find that the diliiculty is greater and more 
serious than I had anticipated ; still the Salford Cor¬ 
poration was determined to try to cope with it. With 
regard to the proposed Rill, it seems to me that we 
must not be too precise and anxious to carry out our 
own ideas. If we must have an Act that will bo 
workable, it must be based on a give-and-take policy. 

Dr. IIkwitt : When we have to deal with rivers 
which have been for half a century or so the natural 
receptacle for the drainage of populous districts en¬ 
gaged in commerce, we come to a problem of great 
importance. If the owners of works so situated are 
to be deprived by legislation of the use of these 
natural outlets for the refuse of their manufactories, 
they are at least entitled to have some other outlet 
provided for them. No serious attempt had been 
made to put in operation the “Rivers Pollution Act” 
of 1870 ; that individuals had been made to sutler it 
was true, while others had escaped, and my belief is 
that it is premature to bring in another Hill for the 
purpose before that Act has been fairly tried. I 
believe that no good can be done until local influences 
are removed and some statesmanlike action taken for 
dealing with the question evenly and equally all over 
the kingdom. For my purpose I would prefer that 
the matter should be placed in the hands of ollicials 
sent down from London by the Local Government 
Hoard, because my experience of them has been that 
they aro fairly free from prejudices ; that they aro 
always ready to hear both sides, and are exceedingly 
impartial. If it were left to such ollicials to decide 
what is practicable, 1 believe we might in a few years 
arrive at some satisfactory standard. For my own 
part I do not think that the evidence is sufficiently 
clear at present to furnish any definite standard. My 
idea is that a system of general inspection of rivers 
should be insisted upon, and that some such power 
should be given to the Local Government Hoard ns 
was given to them under the Alkali Acts, in reference 
to noxious vapours, whereby they could require every 
manufacturer to adopt the best possible means of 
preventing the pollution of a stream. After nil there 
can be no doubt that tho greatest diliiculty we have 
to contend with is the pollution by sewage, and I 
believe it is this diliiculty alone that has led to so 
little being done to enforeo the present Act. I very 
much admire tho courageous, costly, and persistent 
efforts which the Salford Corporation have made to 
deal with their sewage. I understand that the cost 
incurred by the Salford Corporation is not far short 
of £ 200 , 000 , and that their working expenses are 
very large. This is a very serious exjien.se, even when 
dealing with tho sewage of a town like .Manchester ; 
but how many towns aro thoro which could afford 
such an outlay 1 Hut when all this outlay has been 
incurred, according to the last Report of the Com¬ 
missioners on Rivers Pollution there is no known 
method of dealing with sewage so that tho diluent 
from it is lit to drink, and that being so it seems to 
me a most cruel attempt on tho part of Mr. Hastings 


to fix standards of purity, nuito beyond any one’s 
power to renliso, for his standard of colour has been 
shown to be infringed by bog and peaty water. I for 
one would agree to any practicable standard that 
would put manufacturers upon ono basis. If you 
place one manufacturer under certain restrictions 
which increase his working expenses, and allow 
another manufacturer in the same business to carry 
on his work in his own way, you would vory 
likely ruin ono while you assisted the othor. AVe 
should have an Act of Parliament that would 
be entirely independent of local influences, because 
the present Act is often put in force against manu¬ 
facturers by men who are tho greatest offenders 
themselves. What is needed is more knowledge, a 
central authority to carry out the law, and that tho 
pollution of sewage should bo dealt with first. The 
manufacturer should have the right to turn his 
diluent water either into the channel lie has used for 
years, in as pure a condition ns it is possible at 
reasonable expense to obtain, or, at least, if this bo 
taken from him, he should liavo tho right to use the 
sewers for which he is rated, provided that lie does not 
injure tho sewers or otherwise damage his neighbours. 

Mr. Aktiiuu JacoIi, Engineer to the Salford Cor¬ 
poration, said that he had looked carefully through 
tho draft Bill, and was familiar with the provisions of 
tho Rivers Pollution Act of 1870. It is the duty of 
the Salford Corporation, as the conservators of tho 
River irwcll within their borough, to exercise a 
jealous supervision over the river from its source to 
tho point where the stream passes the borough 
boundary. Tho existing Act did not, however, prove 
to be very workable in respect of offences committed 
outside tho borough, for if nny pollution were cast 
into the stream above, it was almost impossible to 
secure tho conviction of the olfender, unless tho 
polluting matter could bo actually detected in that 
part of the stream which passes through Salford. In 
consequence of this imperfection in tho old Act, tho 
river had continued to silt up, and was now in almost 
as bad a state as it was ten years ago. He thought it 
was high time that some amendment, was effected in 
the law for preventing river pollution. No com¬ 
munity felt this necessity more keenly than those 
whose avocations obliged them to remain in tho 
vicinity of that Stygian stream, the Irwcll, the state 
of which was a disgrace to all who sulfercd its. condi¬ 
tion to continue as it is nt present. Dr. llewitt had 
told the meeting that Salford stood forth as an 
honourable exception, and as an example to other 
sanitary authorities on the stream. The Corporation 
had spent more than £200,000 on sewerage works to 
prevent the pollution of the stream ; and he (Mr. 
Jacob) believed that the Corporation of Holton wero 
also carrying out works of such a magnitude as would 
deal with all the sewago of that borough. It is not 
to be wondered at that tho Irwcll and Mersey are in 
their present foul condition, when it is recollected 
timt besides tho polluted discharges from some hun¬ 
dreds of manufactories, the rivers receive tho whole of 
the refuse from a population of onc-and-u-hulf million 
of people. In tho existing Act it was not mnde at all 
clear what was included under the term pollution, 
and this made it very diflieult to bring olfenders to 
justice; but the draft- Hill is much more explicit in 
this respect, and in other respects is an improvement 
on the existing law, though it will have to be amended 
before it can be called a thoroughly practical measure. 
It is too Utopian in its character, and is calculated to 
press somewhat heavily on tho manufacturing indus- 
tiies ; and, moreover, its language is in some parts 
vague and involved, instead of being plain to nil, and 
devoid of ambiguity. With regard to tho standards 
set forth in the proposed Hill, the discussion of them 




Mar. 30,1885.1 THE JOURNAL OF THE SOCIETY OF CHEMICAL INDUSTRY. 


would bo more for the chemist than tho civil engineer. 
As particularised, the standards were not (as was 
before remarked), standards of purity; but limits of 
maximum impurity. Taking standard a, which pro¬ 
vides that not more than one part of organic matter 
and three of mineral matter shall be found in 100,000 
parts of water. This would prevent sanitary autho¬ 
rities from carrying out what is known as the dupli¬ 
cate system of drainage, by which all surface waters 
from streets, houses, courts, and yards nru allowed to 
pass into tho natural water-courses of the country. 
Compliance with this would involve a very btirden- 
somo restriction upon sanitary authorities, as tho 
duplicate system usually led to considerable reduction 
of expense, and particularly in cases where the sewage 
has to be raised by steam power at the outfall. 
Professor Way has said “that so far as Loudon 
sewage is concerned, and considering only the com¬ 
position of the liquid which reaches the sewers in 
time of rain from the streets, it seems pretty certain 
that it would be ns valuable in a manorial point of 
view as the ordinary contents of the sewers.” Stnnd- 
dard b docs not appear to be loo stringent where 
sewage can bo treated by irrigation or downward 
liltration. It provides that not more than 2 parts of 
organic carbon, orpart of organic nitrogen, shall be 
present in 100,000 parts of any liquid passing into a 
river. At Croydon, a year’s analysis of the diluent 
water from the Norwood irrigation fields gave an 
average pollution of l'Olo of organic carbon, and 
0'2f>S of organic nitrogen. This was from a pure 
clay soil, whilst nt the Beddington farm the 
results were almost as good. He (the speaker) be¬ 
lieved that these analyses had been made some years 
ago, and he understood that the purification was as 
effectual now as formerly. It seems impossible that 
tho colour test, standard e, can ever be fully complied 
with. Rain-water passing from the surface of roads, 
and even from agricultural land, always retained a 
certain amount of colour, and not unfrcqucntly 
carried a large body of grit ami sail in suspension. 
It will be exceedingly diflicult for owners of dye-works 
to comply with this standard, though no doubt they 
can effect a great improvement in the colour and 
quality of the water which they now send from 
their works. 

Mr. 1.1 kywood said : With regard to the standards 
of purity alluded to in tho Bill, I should like for ouo 
moment to refer to tho case of tho firm I represent— 
viz., Messrs. Dickins it Co., of Middleton. Wo turn 
down the river Irk closo upon a million gallons of refuse 
water per day, and nt certain times it is, ns Mr. .Incob 
said with regard to tho Irwell in Manchester, as 
“black as ink” in consequcnco of our using such 
quantities of dyewood extracts, espccialy logwood, 
along with the various metallic salts, etc., and in ad¬ 
dition to these, tlicro is of course a host of commercial 
drugs and chemicals as well as tho different aniline 
dyes. What plan could we possibly adopt to purify 
such a volume of water so as to conform to the re¬ 
quirements of tho Act, especially Clause 91- If such 
a case wore put before tho framers of tho Bill, would 
it not convmco thorn at onco that no dyeworks or 
printworks of any magnitude could possibly exist 
under such restrictions ? 

Mr. Wm. Thomson : Tho series of standards of pollu¬ 
tion mentioned in tho proposed Act applied indis¬ 
criminately to rivers would doubtless make highly 
polluted ones comparatively clear, but it would also 
furni.shnbasis for polluting pure ones. For rivers which 
are at present used for domestic water supplies, tho 
standards of pollution allowed by tho proposod Act 
arc too high ; whilst for highly polluted rivers, tho 
mam advantage which would bo gained would bo to 
niako tho streams less discoloured, Tho Irwoll, which 
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I have closely oxninined on different occasions, and 
which may bo taken as a typically polluted stream, 
is dark coloured, duo mainly to solid sewngo matter 
in suspension, which settles at parts of the river where 
there is little current, such as behind weirs and bends 
of the stream in which the water is comparatively 
still; usually there is no disagreeablo smell from tho 
river, but at some points of the stream in dry and 
warm weather objectionable smells arise. Still on 
settling tliis water, it can be used for many delicato 
manufacturing processes, and it would be usually 
much less costly for manufacturers to settle or filter 
tho water they require to be clear from tho river than 
to settle their refuse waters. It may be taken as 
certain on tho one hand that it will cost tho people 
of Lancashire immense sums of money to keep the 
Irwell a little less coloured than it is at present, and 
tbo advantage gained by so doing will be little or 
nothing. Dr. Hewitt considered that streams in 
which fish live should be kept pure, because they arc 
sources of food supplies, anti I agree with him; but 
on the other hand to purify some streams would 
absorb from, instead of yielding food supply to tbo 
people, and it will give them no adequate advantage 
for the expenditure. I think each river is of suf¬ 
ficient importance to ho separately dealt with, and 
whilst it would bo advisable that some restrictions 
should bo enforced to preservo tho purity ns far ns 
possible of all streams, such restrictions should bo 
arranged and drawn up by the people who aro tnoro 
or less interested in each stream. 

Air. Watson Smith : I have arranged my ideas, 
for the sake of brevity, under tho following sub¬ 
divisions 

I. (a) Some waters, streams and rivers, must bo 
polluted according to the very nature of the industries 
— e.ij., bleaching, dyeing, printing and tho like; and 
in somo dyeing processes, as, c.g., silk preparing, 
bleaching nml dyeing, it is absolutely necessary that 
water-streams ns pure ns possible, nnd that oven an 
atmosphere as pure ns possible, shall be available. 

(b) In a less degreo is river pollution a necessity 
in other industries. 

(cj lienee to prevent pollution entirely, would 
mean destruction of somo industries and tho maiming 
of others. 

(d) The fixing of impracticable standards of im¬ 
purity, is tantamount to destruction of theso in¬ 
dustries— i tbo colour standard of the proposed 
Bill would bo very hard on dyers, and it must bo 
remembered many of their colours have enormous 
tinctorial power, which means that an infinitesimal 
weight of dyo would be represented by a distinct 
eolour. 

. U. The nature of tho pollutions will vary in 
different districts, will depend upon the prevailing 
industries in theso districts. Thus, tho Tyne will 
contain ITC'l, CnCh.,■alkaline and earthy sulphides, 
fiiiclydividedsulplHir,gypsuiii,etc.,wliilsttlienotonous 
Bradford-Bcck will contain colouring-matters, and 
dyes, fatty matters, suds, oils, besides tho solutions 
of tho various mordanting materials, etc. 

III. Hence fixed standards would bo unjust, nnd 
indeed absurd, for wo could imagine an alkali maker 
having a solitary works on tho banks of ono river, 
lined with cotton mills mid weaving mills, pollut¬ 
ing wholesale, whereas a wholo district of alkali works 
on a river liko the Tyne might bo laid under legis¬ 
lation of prohibitory stringency, 

IV. Tlicro aro cases, whore ono can concoivo pollu¬ 
tion voluntarily abolished, boing transformed into 
utilisation, but thoso cases aro exceptional Such 
transformation can usually only slowly tako place. 

V. To draw tho lino by enforcing utilisation, must 
bo dono intelligently anti by those who know at least 

it 
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as much as the manufacturers about their products, 
and who havo scientific light enough to see ahead. 
Even then the scheme of enforcement should be at 
the first, at nil events, of a not too stringent or sweep¬ 
ing character. Then, enforcement would be trans¬ 
formed into co-operation —as, witness the Alkali Act 
for greatly limiting the amount of hydrochloric acid 
thrown into the atmosphere. 

VI. To limit pollution and keen it within certain 
bounds, diflerin" for the various districts, is possible. 
The limits will ever grow narrower as scientific 
knowledge increases, and becomes more general. 

VII. No pollution of water should bo allowed 
which communicates pollution to the air in any way, 
or such that the water thus contaminated will act 
corrosively and destructively upon materials in the 
river or river-bed or banks, such as brickwork, 
cement, mortar, stonework, woodwork and the metals 
lead, copper and iron. 

VIII. Water-courses of every kind running into and 
supplying reservoirs or lakes from which drinking 
water is drawn, or springs serving for drinking water, 
ought to be strictly preserved from contamination. 

IX. It ought to be remembered that sewage con¬ 
tamination is tho most virulent form in existence, 
outstripping in deleterious action by far that of the 
factories, jf all the works on the banks of the 
rivers Irwell and Medlock were stopped, yet their 
waters would still remain badly poisoned by sewage, 
and so be made not one whit more potable than 
before. 

X. I agree with Mr. Coleman of the C.'lnsgow 
Section, in thinking the “standards of purity” which 
are proposed in the Rill to bo brought oeforo Parlia¬ 
ment, for universal application, would be utterly 
impracticable. Rut, says Mr. Coleman, there is 
nothing to prevent standards being established for 
different parts of the country, by grouping the local 
authorities appointed under the Rill into districts. 

XI. Hence I quite think the plan supported by Sir 
Henry Koscoe would be best and most likely to be 
successful—viz., to appoint county boards, for the 
prevention and mitigation of river pollution, aided 
by scientific experts, with whom they shall consult. 
A standard could then be framed for each district in 
each county, and .just and fair legislation could then 
be enacted, and all pollutions either prevented, 
mitigated, or kept within due bounds, according to 
the varying local circumstances. No doubt it would 
follow that the Local Government Hoard would be the 
centre, where the proceedings of the Provincial Local 
Boards would be focussed, so to say, for purposes of 
general reports and for legislative government action. 

Dr. Hewitt moved the following resolution:— 
“That the Prevention of the Pollution of Rivers 
Bill ns proposed and brought into tho House of 
Commons by Mr. Hastings is imperfectly drawn and 
Utopian in character, and could not in its present 
shape be carried into operation without serious injury 
to the.manufacturing and commercial community; 
and the Manchester Section hereby requests the 
Council of tho Society to oppose tho Bill in its 
present form." 

Mr. E. T. Cunuitk, in seconding tho resolution, 
whilst fully agreeing with tho terms of it, said ; I am 
of opinion in regard to our discussing this subject, that 
wo must guard ourselves from appearing too obstruc¬ 
tive towards any progress tlmt may be attempted in 
the direction of tho proposed Rill. If we tnko the old 
Act and see what it has efl'ected, I think wo are 
bound to admit it has done ngreat deal by preventing 
tho putting into the streams of any solids. There 
has been no difliculty in carrying out this part of the 
Act, and tho streams havo been greatly improved by 
it. There can bo no doubt "that before any Bill can 


be carried out, it must be less Utopian in character 
than the one proposed. To framo a Bill dealing with 
the purification of streams beyond the exclusion of 
solids is too great a step at once, and I am of opinion 
that such standards of purity only in the first instance 
must bo fixed which experience has shown to bo 
practicable, and thnt future legislation must be pro¬ 
gressive. 1 would distinguish between sowage pol¬ 
lution and manufacturing pollution, the central 
authority should deal with tiio former as a matter 
pertaining to the public health ; the latter might at 
some future date be dealt with by county boards, who 
might group tho polluters and appoint a commission 
to investigate and report as to the best means of 
dealing with the subject. 

Tho resolution was then put to the meeting and 
carried unanimously. 

-- 

MEMBER'S METHODS OF GAS ANALYSIS. 

nv tut. w. uo'j'T, 

The Owens Cull cue, Manchester. 

It is only a. comparatively short time ago that gas 
analysis has at all been introduced into the rank and 
file of the methods of technical aiiatijsis, but in the 
short space of time since then and to-day it has gained 
a firm and important position amongst them, and in 
its application to several branches of industry 1ms 
become ns valuable and indispensable as any of our 
ordinary gravimetric or volumetric processes. The 
great end in view of all technical methods of analysis 
is rapidity ; at the same time this must be combined 
with a sullicicnt degree of accuracy, nnd a great num¬ 
ber of processes for technical gas analysis have been 
devised, more or less pretending to one or both of the 
above requirements. The principles of all theso 
methods, we must bear in mind, had been established 
once for all by the founder of systematic gas analysis, 
Robert Bunsen, whose methods, ns far as extreme 
accuracy nnd ingenious simplicity nro concerned, 
stand unequalled above all others. Unfortunately, 
however, they are scarcely applicable to technical 
purposes, requiring, on the one hand, n great expen¬ 
diture of time, and, on the other, a considerable degree 
of manipulative skill, which can only be acquired by 
long practice and experience. Still, the majority o'f 
technical methods that havo been devised, nnd nro 
being devised almost every day, are but modifications 
of the classical methods laid down by Bunsen. 

The chemical principles involved in gns analysis 
are only few, simple, and common to all methods; 
the difference between such methods—that is to say, 
the advantage of ono method over another—conse¬ 
quently cannot bo due to the employment of new 
re-agents, but must bo sought for in tho modo of 
applying theso re-agents, and mode of measurement 
of tlio gns, or, iu short, in the form of tho apparatus 
devised for the purpose. Wo shall have to give tho 
preference to such mi apparatus as will admit— 

1. Of an easy collection and accurate measurement 
of the sample. 

2. Of an ensy application of tho respective ro-ngents 
and accurate measurements subsequently. 

15. Of repeated of the same quantity of re-agent 
for same length of time. 

Among Iho numerous methods proposed and appa¬ 
ratus constructed for technical gas analysis, those of 
Whither Hciupcl claim precedence as being accurato, 
rapid, and almost universally applicable. By way of 
qualifying this assertion, I limy say that Rompers 
apparatus has tho following advantages :— 

1. It admits of tho use of all sorts of solid or liquid ro- 
ngents, including such absorbing agents ns fuming 




Mnr.30.im] THE JOURNAL OF THE SOCIETY OF CHEMICAL INDUSTRY. 1C1 


H.,SO J; HNO a , bromine, etc., which destroy India- 
rubber joints, or attack the grease used for lubricating 
gloss stopcocks. 

2. It allows of a complete exhaustion or utilisation 
of the re-agents, including such re-agents ns pyro- 
gallol, CuoCL, etc., which are spoiled by contact 
with air. 

3. It greatly obviates the errors due to the mecha¬ 
nical absorption of gas by the absorbing agents, and 
finally, it can bo used for the analysis of mixtures of 
N, II, and CH.,, giving results which aro sufliciently 
accurate for technical purposes. 

I will now, after these few introductory remarks, 
endeavour to describe the various parts of llcmpers 
apparatus, and explain their respective uses. 

First of all, we have the apparatus used for the 
collection and measurement of the sample of gas to 
be tested. This consists of a couple of gas burettes 
A and B (see Fig. 1 ), communicating with one another 



Fig. l. 


by an India-rubber tube. Ono of tho burettes—tho 
one in which tho gas is collected and measured—ter¬ 
minates in n short capillary tubo, fitted with a short 
piece of India-rubber tubing which can bo closed by 
means of a pinchcoek </. Tho burotto B is divided 
into lOOcc. Now, if wo want to collect and measure 
a certain sample of gas, wo proceed as follows : Roth 
burettes A and B are completely filled with water, 
caro being taken that all tno air contained in tho 
India-rubber tube connecting tho burettes is displaced, 
which may readily bo done by raising A, B boing 
closed at the time, and shaking tho apparatus, when 


any bubbles of air retained in the India-rubber tubo 
will ascond and escape through A. As soon as tho 
apparatus is properly filled with water, d is closed by 
means of a pinchcoek, and tho greater part of the 
water in A poured out, tho connection botween tho 
two burettes boing shut off by pressing the india- 
rubber tubo while this is being dono, so as to prevont 
any air getting into B. We now connect B by means 
of a suitable tube with the apparatus from which the 
gas is to be drawn; open «, and. by lowering A, 
syphon the gas into the measuring tube. As soon as 
a snflicient quantity has been collected, d is closed, 
and the apparatus allowed to stand for a minute, so 
as to allow the water to flow down from tho sides 
of the tube. IVe then equalise the pressure in A and 
B by raising or olso lowering A, as tho case may be, 
till the columns of water in both tubes are exactly on 



a lovol, and then read off. It is convenient to mea¬ 
sure out exactly lOOcc. of gas, tho results obtained by 
subsequent absorption, etc., then at onco represent 
tho percentage. In order to obvinto tho error duo to 
tho mechanical absorption of gases by water, it is 
well to employ water previously saturated with tho 
gas to bo tested. All tho measurements, it is almost 
needless to say, must, of course, bo made at tempera¬ 
tures as nearly constant as possible. If wo are deal¬ 
ing with a gas containing considerable quantities of 
constituents, which aro decomposed by, or olso very 
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soluble in, water, the above method cannot, of course, 
be used. In such a case we may use another form 
of burette, very similar to the gas burette originally 
designed by Winkler (Fi" 2). It differs from the 
simple gas burette only by the measuring tube B 
being fitted with two glass stopcocks c and d : the 
stopcock c is a three-way cock, by means of which 
the measuring tube B can he shut off from, or set in, 
communication with the second tube A, or else the 
air outside, or a pump. The collection and measure¬ 
ment of samples by means of this burette is done in 
the following manner: The measuring tube B is 
thoroughly dried by drawing a current of dry air 
through it, communication with A being shut off by 
means of the three-way cock. By means of a suitable 
tube attached to e, and connected with the apparatus 
or space from which the gas is to be taken, the gas 
is drawn through the measuring tube (this is easily 
done by a small pump or aspirator attached to the 
three-waycockc) till all theair liasbceiidisplacedhy the 
gas, when c and d arc turned, so as to shut off the gas in 
B from the air outside, as well as from communica¬ 
tion with A. Water is then poured into A, anil by 
turning c can be gradually admitted into B, so ns to 
absorb the soluble constituents. When the absorp¬ 
tion is completed, the residual volume of gas is read 
off, tho differeticc between this and the original 
volume (lOOcc., since B holds exactly lOOcc. when 
full) directly giving the percentage of soluble gases. 

So much for tho modes of measurements by means 
of Heinpel’s gas burette, and we have next to consider 
the apparatus employed for the subsequent treatment 
of the sample—viz., the absorption of its respective 
constituents. Hcinpel used for this purpose two 
apparatus, which ho terms the simpleand the compound 
absorption pipette. The simple absorption pipette 
(Fig. 3) essentially consists of two glass bulbs a and 6, 


Tic., 3. Fig. -1. 

connected by means of the bent glass tubo d. 
(A r Jl. The Fig. also contains a small third bulb c, 
which, however, is not strictly required ; most of the 
simple absorption pipettes, in fact, only consist of tho 
two bidbs « and b.) '(’lie lower bulb b is connected with 
a capillary U-tubc v, fixed on a whito porcelain pinto 
mm; tho wholo apparatus is mounted on a suitable 
wooden stand. Tho absorbing agent is introduced 
into b, which must bo completely filled with tho solu¬ 
tion, whilst tho second hull) a remains nourly empty. 
A slight modification of tho simple pi petto is shown 
in Fig. 4. It is intended for tho uso of solid re-agents 
such as phosphorus, and merely differs from tho 
ordinary uurotto just described, by that tho second 
bulb b is made moro of cylindrical shnpo ; and has an 
opening at tho bottom k communicating with an 


aperture l in tho stand, through which the solid 
ro-ngent can be introduced. The apparatus shown in 
the Fig. represents such a pipette filled with a solu¬ 
tion of KIIO and containing plugs of wire gauze, so 
as to obtain a large active surface on displacing tho 
KHO solution by the gas to be tested ; it is used for 
the estimation of CCb. 

When an absorption has to he made by means of 
the simple absorption pipette, say with the KOH 
2 >ipette represented in Fig. 0, tho capillary U-tuho is 
connected with the measuring burette containing tho 
sample by means of a small capillary glass tube/, the 
pincock d opened, and by gradually raising A the gas 
is driven over from B into the bulb b of tjio pipette, 
where it displaces a portion of the absorbing fluid 


r 



Fig. 5. 


which risos into tho empty bulb. As soon ns all tho 
gas has been transferred, tho connection with B is 
shut off at i (by means of a pincheoolc), and tho 
absorption in the pipette hastened by shaking tho gas 
with tho re-agent. When tho absorption is complete, 
the communication with B is restored, and by lower¬ 
ing A the gas is syphoned hack into tho tubo B, tho 
pincheoek d closed, and tho voluino measured in the 
man nor nlready described, 

Tho compound gas pipette (Fig. 0) is intended for 
tho use of re-agents which are acted upon by atmos¬ 
pheric air ; it may ho regarded as a combination of two 
simple pipettes, and consists of four bulbs, «, b, c, d, 
communicating by glass tubes, Tho first of these 
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bulbs (a) is again complotoly filled with the re-agent, 
/ inst., an alkaline solution of pyrogallic acid; the 
second ( b) is empty ; the third bulb (c) is filled with 
distilled water; and the fourth,again, is empty. When 
an absorption has to be made, bulb a is connected 
with the measuring burette in the manner already 
mentioned (sec Fig. 0) and the gas passed in. The 
liquid displaced in a then rises into the second bulb 
b, and the air displaced in this is forced into the third 
bulb c, where itdisplaces an equal voluincof the distilled 
water, which then rises into tho fourth and last bulb 
d. Tims wo see that tho displaced absorbing agent 
in this pipette only comes into contact with the small 
quantity of air contained in b ; now since the com¬ 
munication of b with the atmosphero is shut off by 
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tho water in tho third bulb e, the action of the small 
quantity of air or oxygen in b upon the re-agent soon 
ceases ; the oxygen is absorbed, and thoro remains a 
perfectly indifferent gas—viz., nitrogen. 'Tho com¬ 
pound gas pipetto is used for the absorption of 
oxygen by alkaline pyrogallic acid solution or of CO, 
by an nmmoniacal solution of Cu.jCb. (cuprous 
chloride) re-agents, which must not, of course, bo 
exposed to air—viz., oxygen. 

Tho combustion or explosion of gases is also carried 
out by means of a gas pipette, which is represented in 
Fig. 7. The bulb 6, in which the combustion is 
effected, is rather thicker in tho glass than the bulb 
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of the ordinary gas pipette,' and has two platinum 
wires fused into tho top nn, through which an electric 
spark can bo passed. The communication with tho 
socond bulb « can bo shut oil - at pleasure by means of 
a glass stopcock </. Tho first bulb b is completely 
filled with a dilute solution of KHO; a is empty. 
The gas to bo exploded is introduced by means of tho 
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gas burette in tho usual manner, tho requisite quan¬ 
tity of air and hydrogen added, and after closing 
d and <*, and mixing tho eases thoroughly by shaking, 
the mixture is exploded by passing a spark through 
nn. On opening d some of the liquid rises in tho 
bulb b proportionally to tho contraction produced by 
the combustion. Tho residual gas is then syphoned 
back into tho burette and measured. The air required 
for such an oxplosion is of course accurately measured, 
and introduced by means of tho burette, and so is tho 
hydrogen. The latter is generated in a separate 
simple gas pipetto (Fig. 8) by means of pure zinc 
and dilute sulphuric acid. The zinc is used in tho 
form of a hollow stick d, which is fixed on a glass rod 
r . passed through a cork, and is thus introduced into 
the bulb 6 of tho pipette, which is then completely 
filled with dilute H 2 SO|. The evolution of hydrogen 
at once commences, and e being closed the hydrogen 
evolved in bulb b displaces the acid, forcing it up into 
bulb a, till it is no longer in contact with the zinc, 
when tho evolution ceases. On opening c the hydro¬ 
gen in b is driven out by tho pressure of the acid in u, 
which again descends into the first bulb, where it 
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comes into contact with tho zinc, and setting up a 
brisk evolution of hydrogen, but as soon as c is again 
closed, tho acid is forced back into a, and tho evolu¬ 
tion stops. Thus wo have in this hydrogen pipette a 
menns of generating a continuous current of hydro¬ 
gen, sufficiently pure for combustion or expjosion. 
Regarding the chemical principles involved in tho 
process of burning or exploding gases, and the various 
precautions to bo observed, I must refer to tho chapter 
in Bunsen’s “Clasometry” (translated by IT.E.ltoscoo), 
ns such a discussion is altogether beyond tho scopoof 
this sketch. 

In order to illustrate tho working of tho wholo 
apparatus, it will bo well to considor tho analysis of a 
mixture containing most or all of tho gases likely to 
bo met with in actual testing. Let us tnko a mix¬ 
ture of CO-.., O, CO, olefines (viz., C«H ,, etc.), CH*, 
11 and N. A sample of this gas—say lOOeb.m.—is 
collected and measured in tho gas burette. Wo 
noxt absorb tho C0 2 by passing the gas into 
an absorption pipetto, containing a solution of 1 
part of KHO in 2 parts of water (Fig. *1). 
To ensure a rapid and complete absorption tho bulb b 
containing tho caustic potash is partly filled with 
plugs of wire gauze, which on displncomont of tho 
potash solution by tho gas offor a largo surface 
moistened with the ro-agent. Tho absorption of tho 
COj is almost instantaneous—all wo havo to do is to 
pass" tho gas into tho apparatus and syphon it back 
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again to bo measured. The contraction produced 
directly gives us the percentage of C0 2 , since wo 
started with lOOcc. The remaining gas contains 
O, CO, H, C 2 H 4 , CII 4 , N; we next absorb the 
oxygon. This may bo effected in two ways—by means 
of moist phosphorus or by an alkaline solution of pyro- 
gallic acid. The former method is by far the more 
elegant of the two, but not universally applicable. 
Tho absorption is done in an ordinary pipette 
(Fig. 9), the bulb ( b) of which is filled with thin 
sticks of yellow phosphorus surrounded by water. 
Tho gas to bo tested is introduced in the usual man¬ 
ner, and by displacing the water in b comes into con¬ 
tact with the moist .surface of the phosphorus which 
speedily absorbs all the oxygen from it. The absorption 
proceeds best nt about 10-20° C., and is complete in 
ten minutes. The small quantity of phosphorus acid 
formed by the absorption dissolves in tho water pres¬ 
ent, and thus the surface of the phosphorus always 
remains bright and active. As has already been men- 


or else with the KOH pipette, which in this case, of 
course, simply serves as a kind of receiver. Finally 
the gas is syphoned back into the burette and 
measured—two-thirds of tho contraction correspond 
to the amount of H originally present in the mixture 
of gas and air. The Cll 4 is not attacked by sulphuric 
acid (ordinary 30 per cent. SO a Nordhausen acid 
answers well enough). The acid is contained in an 
ordinary absorption pipette (Fig. 10), the small bulb c 
of which is filled with pieces of broken glass or glass 
wool, so as to oiler a larger absorbing surface to the gas. 
The absorption is complete in a few minutes, but the 
remaining gas previous to measuring should be passed 
into the KOH pipette and back again, so as to freo it 
from fumes of SO ;l . Residual gas : CO, G'H 4 , II, N. 
The carbonic oxide is next absorbed by means of an 
animoiiincal solution of cuprous chloride in a com¬ 
pound absorption pipette. The gas has to bo shaken 
with the absorbent for about three minutes. It must 
bo borne in mind that Cu 2 Cl 2 solution also absorbs 



tioned, this neat and accurate'method is not univer¬ 
sally applicable ; the following are tho conditions 
under which it can be used :—The percentage of 
oxygen in tho gas must not be more than 50%, and the 
gns must he free from ammonia, C 2 1I 4 and other 
hydrocarbons, vapour of alcohol, ether and essential 
oils. In the instance wo have chosen, the phosphorus 
method would hence not be applicable, as our mixture 
contains C 2 1J 4 . IVo must therefore resort to the 
second method using pyrogallic acid. The absorption 
is carried out in the compound absorption pipette 
(Fig. 6), the bulb b of which is completely filled with 
an alkaline solution of pyrogailol made by dissolving 
1 part (by volume) of a 20 per cent, pyrogallic acid 
solution in 6 parts of a 60 por cent, solution of caustic 
potash. Tho absorption is complete in about five 
minutes, but miy bo hastened by shaking. The 
remainder C..ll 4 .CO, Cll 4 , H, N of our gas now con¬ 
tains N, and the next step is to absorb the C.,H 4 , 
which is done by means of fuming, and determine tho 
CH 4 by explosion. Let us choose tho latter method 
and take a portion, say a-half,nf our residual gas for tho 
estimation of hydrogen. The absorption of the 
hydrogen is based 011 tho fact that palladium in a 
finely divided state—so-called palladium black—is 
capable of completely burning hydrogen when mixed 
with excess of air, and slowly passed over tho metal 
at tho ordinary temperaturo. About lAgrin. of 
palladium black are placed in a small U-tubo (Fig. A) 
plunged into cold water, and tho gas mixed with an 
excess of air (which of course must be accurately 
measured) is passed slowly through tho tubo two or 
tlirco times, the tube at tho time being connected 
with an ordinary absorption pipetto filled with water 


oxygen, and, according to llempel, considerable quan 
titles of Cjll 4 ,hence these gases must be removed pre¬ 
viously; Residue : OH,, II, N. We may now either 
determine both CM , nndlL bycxplodingwithanexcess 
of air in the explosion pipette and measuring (1) tho 
contraction produced, and (2) tho amount of C0 2 
formed (by means of the KOH pipette); or we limy, 
according to llempel, absorb tho hydrogen first of all 
in this reaction—provided the U-tubc be kept woil 
cooled with wntor. At about 200° C, however, a mix¬ 
ture of air and CM, is also acted upon by palladium. 
Tho presence of CO, vapours of alcohol, benzene and 
hydrochloric acid interferes with tho absorption by 
palladium. 

Tho palladium can bo used for many consecutive 
experiments, but must bo kept as dry as possiblo. 
After it lias been used for scverul absorptions it may 
bo regenerated by plunging tho tubo into hot wator 
and passing a current of dry air through it. 

Having estimated tho hydrogen, we have lastly to 
determine tho CM 4 in tho remainder of our gas. 
This contains CL1 4 N nnd 11, the amount of tho latter 
being known from tho previous experiment. Tho 
gas is mixed with tho requisite quantity of uir and 
hydrogen, introduced into tho explosion pipetto and 
fired by means of a spark. The water resulting from 
tho combustion condenses in the bulb of the pipetto, 
whilst tho C0 2 funned is absorbed by the KOll 
solution present, llcnco the total contraction pro¬ 
duced corresponds to : 

a. Tho hydrogen present in tho original gns + J its 
vol.of O(llioquniilityrcqnisitcfor complo combustion). 

b. The known quantity of hydrogen added + A its 
voi. of O. 
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c. The CH 4 present+2 vols. of 0 requisite for its traces of ammonia, it could not bo used. Co is also 
combustion. completely absorbed in tbe pipette litted with am- 

C1L + Oj = (CO 2 + 2 ILO) moniacal cuprous chloride in two to three minutes, 

‘-r-’ 1:- 1 -' provided the pipette is well shaken. The pnlladium- 

~ _ * disappears. black causes unition of the II and 0, when the gas 

is allowed only to pass once over it and back again. 
It can be used for an indefinite number of times, 


Since a and b arc known, or can be readily calculated 
from the previous data, wo can by subtracting (a + b) 
from the total contraction obtain C-(«+6)=c con¬ 
traction due to CH.i alone, and one-third of this is 
equal to tho volume of CU 4 present, as will bo readily 
seon from tho above equation. 

Tho remaining nitrogen is estimated by difference, 
a direct method of determination not being known at 
tho present time. 

The above brief sketch will at all events suffice to 
■show the value of llempel’s methods for technical 
mrposes. A complete analysis of a complex mixture 
iko tho one chosen for the purpose ot illustrating 
these methods need only occupy twenty to thirty 
minutes, so that a great number of such analyses 
may bo carried out in a day. Moreover, with due 
care and skill, the results obtained arc very accurate 
indeed ; in fact, more accurato than is generally 
required or expected from a technical process. 

DISCUSSION. 

Dr. Hewitt: We are greatly indebted to Dr. 
Hott for his valuable paper. All I can say is, if we 
have not thoroughly grasped all he wished to convey 
in his demonstrations with the apparatus, he has 
nevertheless reduced a very complex system of test¬ 
ing gas to a very simple operation, and I certainly 
think that syphoning back must give a degree of 
accuracy which is not otherwise attainable. We 
know that there aro many processes which require 
continual testing for their elucidation. It is not 
merely necessary to know what may bo dono in the 
course of 2-1 hours, but it is absolutely necessary to 
know what is going on from time to time. I am 
sure that Dr. Lott’s method would be valuable in 
making the tests of gases in the working of Deacon’s 
process for the manufacture of chlorine. Difficulties 
often ariso in tho analysis of mixed gases, and I 
should like to have had the opportunity of having 
the mixed gases in Deacon’s process determined by 
some simple method like the one before us. I have 
no doubt, from what I lmvo seen to-night, that 
possibly this apparatus might bo of considerable 
assistance in facilitating tho rapid determination of 
tho carbonic acid and hydrochloric acid which 
abnormally are found in tho gases passing to the 
bleaching powder chambers, and which, when present 
in any appreciable quantity, defeat the manufacture 
of good bleaching powder. 

Dr. Makkki, : I have had somo experience with 
tho apparatus before us, and would therefore like to 
add, ns regards its accuracy, that on comparing it 
with Bunsen's method I found the results obtained 
agreed within O’ I to 0*3 per cent, for each-gas. Tho 
gas analysed on this occasion contained CO;, 0, Co, 
II, C11 4 , N. Resides showing this surprising degree 
of accuracy, llempel’s method is the most expeditious 
of any I know. I have mndo as many as fourteen 
analyses daily with it. Dr. Hott hns remarked that 
it is necessary to allow the gas to stand for a few 
minutes in contact with tho first reagent. I do not 
think it is nccossary to let tho gas remain longer in 1 
contact with tho potash than is required to pass it 
into tho pipetto and back again into tho burotto, 
whon tho C'Oj is completely absorbed. The 0 is j 
absorbed by tho alkaline pyrogallol in two to threo i 
minutes. Phosphorus is preferablo for absorbing j 
the oxygen, but as tho ubove-monliouud gas contained 1 


provided the water which collects in the tube is 
removed from time to timo by allowing warm air to 
pass over it. Tho wholo operation ought not to 
exceed half an hour if everything is well prepared. 
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AIR. E. K. AIUSPRATT IN THE CHAIR. 

“THE RIVERS POLLUTION BILL.” 

BY K. K. SlUSI’RATT. 

As one of the most useful functions of our Society is 
to lake into consideration, and to criticise with tho 
knowledge of experts, any proposed legislation of tho 
character of the "Rivers Pollution Rill,” I hnvc at 
the request of the Committee prepared a paper on tho 
subject. 

I must, however, take this early opportunity of 
saying that 1 am by no means competent to deal in 
a comprehensive manner witli this most difficult 
subject, and that I have undertaken the task solely 
with tho view of raising a discussion on the Rill by 
members more competent than myself. 

Tho growth of manufacturing industry, together 
with its manifest blessings and the consequent in¬ 
crease of tho well-being of tho people, is unfortunatoly 
accompanied by evils which it is our duty, and Ihopo 
our desire, to mitigato. Tho framers ol this Rill, I 
am afraid, cither from ignorance or with design, 
nttempt by law absolutely to prevent them. From 
my reading of the Bill there is no clauso similar to 
the clauso in tho Act of 1870, which exempted the 
manufacturer from the penalties of tho Act, if ho 
used the best practicable means for rendering harmless 
tho polluting liquid which he sent into a stream. It 
follows, therefore, if this Bill becomes law, that 
unless ho can purify tho liquids flowing from his 
works, so as to satisfy the standards prescribed by 
the Rill, a manufacturer must absolutely eloso his 
works, nnd sacrifice all thu capital invested therein. 
As nil of you lmvo read tho proceedings of the London 
Section, in which Mr. Cresswcil gave a very ablo 
exposition of tho Bill, it will be unnecessary for mo to 
attempt to call your attention at any length to the legal 
aspects of tho question. Mr. Cresswcil says tho Act of 
187U was “n piece of lamo and impotent legislation,” 
and this Bill is brought in to remedy its defects. 
Now, tho prinio dofecl of that Act, ho says, is the want 
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of machinery for carrying it into execution, and lie 
points to the reluctance of the sanitary authorities 
(the greatest culprits themselves) to put tho Act into 
execution, but admits that recourse may be had to 
tho Local Government Board, to compel the sanitary 
authorities to put the Act in force. 

Ho then complains of the delay caused by the visit 
of the inspector, who really has to determine upon 
the best practicable means to prevent the pollution. 
This, then, is the grievance, and this Act is intended 
to remove it, which it proposes to do very effectually 
by prohibiting the running of any polluting liquid 
into any stream or river, whether ticl-.il or otherwise, 
irrespective of cost to the miner or manufacturer. 

I think, however, the case against the Act of 1870 
has not been made out. Mr. Crcsswell says fifty-three 
proceedings have been taken under the Act, and 
twenty-four orders to restrain pollution have been 
obtained, but have never been enforced at all. 

Now, why have those orders never been enforced 1 
I applied to Mr. Crcsswell for an explanation, and ho 
wrote to me to say, “ that it is not the duty of the 
Local Government Board to enforce them ; on the 
contrary, they have in almost every case intervened 
to oxtend the period assigned for compliance with 
the order under Clause 3 of the Act of 1870, and that, 
e.tj., tho order in the Hereford case, which was 
mndo in 1878, lias been suspended in successive years 
until February, 18So.” But by this Clause 3 the 
Local Government Board can only grant this exten¬ 
sion of time if they arc satisfied, after local inquiry, 
that further time ought to be granted to enable the 
sanitary authorities to adopt the best practicable 
and available means for rendering harmless the 
sewage matter complained of. 

Now as Mr. Cresswell admits that in some cases 
tho Act has been put in force, it seems to me that in 
this Hereford case it is probable no available means 
nre at hand, although, as we are aware, there are 
several towns which, to a great extent, do render 
their sewage harmless, it seems strange that nothing 
has been found practicable—in this special case—for 
seven consecutive years. 

In tho case of manufacturing pollutions, the diffi¬ 
culty may bo greater, and the cost to the individual 
manufacturer may bo so great and so much out of 
proportion to tho necessity of the case, that the Local 
Government Board would be fully justified in stop¬ 
ping proceedings on tho ground that “somo material 
injury will be indicted by such proceedings in tho 
interests of such industry.” 

But is it not possible, without altering the in¬ 
tention of the Act, to improve its machinery 1 
We are all agreed that pollution of rivers should bo 
prevented, provided the cost of such prevention is 
not too great, and if tho present Act is as faulty as 
it is said to be, something should bo done to amend it. 

if wo attempt to march too fast we may very 
easily frustrate tho object we have in' view, and it is 
desirable, in tho first instance, to ascertain what is 
practicable in tho way of prevention. Wo know how 
tho Royal Commissioners, at the instigation of Dr. 
Frnnklund, decidod that certain stnndnrds of purity 
were attainable, and these standards nro practically 
adopted in the Bill wo are considering. 

It was a fatal error that on tho Commission only 
theoretical chemistry was represented in tho person 
of Dr. Franklnnd, for I.need hardly remind members 
of our Society that something beyond a knowledge 
of scientific chemistry is required to docido what is 
practicable in chomical operations on a largo scale. 
But eyon scientific chemists are by no means unani¬ 
mous in favour of tho standards locommended. 

Mr. Crookes is of opinion they are on an entirely 
erroneous basis, and I think wo must all agree with 


him that to lay down absolute standards of purity 
for ovory river was a mistake. 

It certainly seems more reasonable that each river 
should be considered on its merits. The addition of 
certain substances which by themselves might pol¬ 
lute a pure stream, would be beneficial in the case of 
the Irwell or the Mersey, and until sewago matter is 
kept out of the Thames the addition of salts of iron, 
manganese, zinc, or bleaching liquor, for example, 
need not bo prohibited. It is straining at a gnat and 
swallowing a camel if, before we have dealt effec¬ 
tually with the great sewago question, wo press on 
chemical manufacturers enormous expense in order 
to improve the quality of the liquids escaping from 
their works. 

If the germ theory of tho origin of cholera and 
typhoid bo true, it is far more important in a river 
like tho Thames, which is a source of potable water; 
to prevent its pollution by sewage than by manufac¬ 
turers’ refuse, and yet, so far as I know, this has not 
yet been accomplished. 

It is true Sir John Lawes seems of opinion that 
the sewage of London itself is of great benefit in 
increasing the catch of fish in the Channel, but the 
inhabitants of London ought not to be obliged to 
drink the sewago of the population above the intake 
of tho water companies, and if pollution of this cha¬ 
racter can be prevented there would be no reason 
against enforcing the adoption of similar means of 
purification in towns on other strenms. Whether tho 
standards recommended by Dr. Franklnnd nro attain¬ 
able or not, some standard for sewage pollution might 
certainly be found after practical experience in deal¬ 
ing with the sewago on a large scale, and such stan¬ 
dards might fairly be made more stringent as tho 
methods of purification improved. What is really 
wanted is a practical method of dealing with sewago 
on a large scale, and the experience of tho lost ten 
years ought to be able to furnish us with one. 

What might fairly bo required of an inland town 
ought not to be required for a town on an cstunry 
liko tho Mersey, and the same principle— i.e., having 
regard to the general character of the river—should bo 
applicable to pollution from manufacturing processes. 
I am therefore of opinion that Mr. Crookes is clearly 
on tho right path in making the river or stream, and 
tho uses to which it is to be applied, the standard of 
pollution, and not the liquid running into it. 

Tho criticisms of tho manufacturers when tho 
standards of tho Pollution of Rivers Commission 
wero first published nro in tho main applicable to 
those in the present Bill. 

[Mr. Muspratt here rend extracts from tho evidence 
of Mr. Stevenson and others beforo tho Royal 
Commission.] 

As regards solid matter, Mr. Newlands pointed out 
at the London meeting that tho great bulk of tho 
rivers of the kingdom contained moro than the stan¬ 
dard ns suspended mud, and that tho colour standard 
in subsection C was far too stringent, and really is of 
no use, for many natural rivers or streams aro much 
moro coloured. 

Mr. Johnson complained in London that in some 
cases they wero too stringent and in otliors too lax, 
particularly those referring to acidity and alkalinity, 
■if they wero permitted in any stream omployod sub- 
seriuently ns a water supply. 

in many cases tlieso standards arc absolutely 
impracticable, and Lord Salisbury, in introducing tho 
Bill of 187. r ), admirably summed up tho objections to 
thorn ; “Tho difficulty that was felt with regard to 
these tests was that they struck too far, and that on 
tho one hand they would include water flowing from 
perfectly innocont sources, while on tho other hand 
tlioy woro not sufficiently stringont to alfcct tho 
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very nuisances against which tho legislation was 
directed.” 

After giving this Bill my best consideration, I have 
conic to the conclusion that it is framed on an entirely 
wrong principle, inasmuch as it proposes the same 
standards of pollution irrespective of tho locality and 
circumstances of tho case. 

If passed into law, it would have a most injurious 
effect on tho industry of tho country, ns many works 
and mines could not possibly comply with its pro¬ 
visions. If the present Act cannot bo enforced on 
account of the power given to the Local Government 
Board to supervise or restrain its application, tho 
attempt to give this power to individuals, or even to 
induce individuals to complain of pollution by paying 
the penalties for the oU'enco to them, as it is suggested 
in Clause 3, in ight be grossly abused for private purposes. 

The [lower to set the Act in motion ought to rest 
with a public bod}', and if the sanitary authorities are 
interested parties, the new County Boards, which are 
suro to be established at an early date, seem to be the 
proper body for the conservancy of the rivers in their 
district, and tho preservation of tho rivers from pol¬ 
lution. 

The attempt to fix standards of universal application 
is wrong in principle, but after some experience local 
standards on the lines of Mr. Crookes suggestion— 
viz., that the river itself should be tho standard of 
purity, and that no liquid should be allowed to bo 
sent into a river if the liquid contains a greater per¬ 
centage of impurity than the river itself—might 
possibly bo adopted. 

I have in the foregoing [minted out how injurious 
to manufacturing interests this Bill might become, if 
made law, hut have not attempted to go into any 
minute details on the chemistry of tho question, 
which I know will bo ably handled by other members 
present. 

Dr. llurter has informed me of somo investigations 
in Saxony which bear out the view I have taken, that 
until the sewage question is dealt with, the keeping- 
ont of manufacturing refuse, oxccpt solid matter, 
which may interfero with tho flow of a stream, is 
lmrdly necessary. 

Metallic salts disappear from solution in a mar¬ 
vellous manner, and cannot bo traced at even a short 
distance from tho place where they llowinto a stream. 
These same investigations will also support the view 
that regard must he had to tho condition of the river 
itself, both as to its velocity and the volumo of water: 
and I have no doubt the discussion this evening will 
throw further light upon many of tho points I liavo 
so lightly touched upon. 

The subject has now been discussed in most of our 
sections, and tho result will be to givo the Council of 
tho Society ample information to guido them in any 
suggestions they may have to mako to those in autho¬ 
rity, on this Bill or any other that may bo brought in 
to deal with this most important question. 

niscussiox. 

Dr. ITicwrrr thought it was clear upon tho ovidcnce 
before tho Rivers Pollution Commission, that suwnge 
pollution and trades pollution stood upon a totally 
dillorent footing. Tho sanitary objection had arisen 
not from trades pollution, but from sewage pollution. 
11 o thought it would ho a now feature in English law 
if simply for iuslhotiu reasons Parliament were to 
interfere with llioso industries by which England 
had gained her greatness. The greater ovil un¬ 
doubtedly was sewage pollution, and in many 
instances it interfered soriously with tho health of 
towns. That this was a very dillicult question no 
one would deny, especially when lie heard the 
enormous cost to Salford of their sowngo system. 


While tho sanitary authorities aro the chief 
sinners, they are constituted tho authority to carry 
out the law and put pressure upon the manufacturers, 
but they had found practical difficulties in dealing 
with the question. Tlio chairman of the Conservancy 
Committee in Salford acknowledged that the more he 
tacklod the question tho more the mountain of diffi¬ 
culty seemed to grow, and he found that it was not 
a question to be gone into lightly, or that very strict 
standards could bo employed. Dr. Hewitt held that 
something should bo done, but whatever was done, it 
should bo carried out in a uniform manner. The only 
point upon which he (Dr. Hewitt) was inclined to 
differ from their Chairman was as to the estuaries. 
There was a great difference in estuaries, and somo 
distinction should be made between one estuary and 
another. They must not introduce a system which 
would bear more hardly upon one manufacturer than 
another. They must not press upon the one higher 
up the river, and leave the one lower down to escape 
altogether. If so, this would introduce between men 
in the same trade a very objectionable want of uni¬ 
formity. IIo would support almost any degreo of 
strictness in a Noxious Vapours Hill, because it was 
required from all manufacturers in the same trade to 
conform to the same standard. Itwasabundantlyclear 
that sewage diluents could nover bo fit for potable 
water, and, therefore, tlicro was no need to seek for 
such a standard of purity from tho manufacturer ; 
it was idle to expect that the standards in this 
Bill conld be realised, for natural sources of pollution 
would often make the river to infringe such standards. 
If they passed an Act or Parliament which could not be 
realised, tlicro would be absolutely no results from it, 
whereas if they could pass an Act of Parliament 
which could bo enrried out by some conservancy 
board or county board, working under the Local 
Government Board, some good might be effected. If 
a river was an important source of food supply, then 
it was very important to take steps to prevent its 
serious pollution, but tho case was different when .tho 
rivers were used for drainage and trade purposes 
alone. Tho Mersey and the Jr well lmd ceased entirely 
to bo sources of food, and to insist upon tho same stan¬ 
dard in reference to these rivers, ns for those other 
rivers to which ho had referred, would, in his mind, 
be to inflict a lasting injury upon trade in which tho 
interest of this country was so largely bound up. 
He therefore thought the Legislature would hesitate 
to pass such a BUI. It lmd been proposed that 
instead of sending the wasto water from manufac¬ 
tories into the rivers it should be sent into tho sewers. 
Tho men who owned large works were those who paid, 
the large rates, and nobody had a better right to use 
tho sewers than those who so largely paid for them, 
ami if this user of the sewers caused any damage tho 
manufacturer should bo made liable for it. At tho 
samo time lie admitted somo littlo pressure should bo 
brought to bear on tho manufacturers, as they were 
quite ready to blamo each other and do nothing. 
Anyone reading tho replies to the inquiries addressed 
by tho Rivers Pollution Commissioners could seo 
that each manufacturer was impressed with tho valuo 
of good influx water, and was ready to apportion its 
value in money, but was very silent about the diluent, 
or held that nothing could bo done. An Act might 
bo passed which placed rivers under inspection, and 
required “tho best practicable means” to bo adopted, 
and if such a mensuro was put in forco uniformly, 
fairly, and gradually all over tho kingdom, duo regard 
being hail to dilfercnco in tho valuo of rivers ns 
sources of jiolablo water, food supply, etc., then somo 
very considerable improvement might in time bo 
brought about, 

Professor J. Campbell Bnow.v said : In this matter 
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there were two opposing interests ; on the one side 
there was the interest of the manufacturer nnd the 
public who used his products. Every ono would 
agree that our manufactures ought not to be need¬ 
lessly hampered ; nnd most peoplo would agree that 
they must not be altogether stopped, even if some of 
our rivers had to be spoilt, and they ought not to 
forget the interest of future manufacturers, although 
that might have little weight compared with that of 
those already, established. On the other side there 
was the interest of the riparian owners, the riparian 
tenant-farmers, nnd all those various interests that 
were represented by conservancy boards, including 
the people who fish in the streams, whether for food 
or for sport. The object of legislation ought to be to 
give the maximum of freedom to each side, with the 
minimum of interference with the other. This being 
tho case, he did not think he could altogether agree 
with Mr. Muspratt, when lie said that no legislation 
ought to interfere with the impurities cast into the 
stream by manufacturers until after sewage was dealt 
with, because although no doubt largo quantities of 
sewage impurities cast into a stream were very pre¬ 
judicial to health in every way, still the introduction 
of moderato quantities of sewage did not interfere 
with the fish, did not interfere with tho farmer, did 
not injure his cattle, although it rendered the river 
useless for domestic purposes. Lilt the introduction 
of effluent water from some factories would destroy 
the river for any useful purposes, except for 
carrying certain refuse materials into tho sea. 
For instance, paper makers could keep out of 
the rivers nearly the whole of the poisonous esparto 
resin, nnd they might also keep out the largest portion 
of the fibrous matter, nnd after recovering most 
of their alkali, they might neutralise the remainder 
by some of the acid which they used for bleaching 
purposes, and then the efiluent water would not 
destroy the fish. Ho thought every reasonable man 
would ngreo that the paper makers, for instance, 
ought to be compelled to bring their effluent water 
up to that standard of purity. In some other cases he 
thought it was vory likely that legislative powers 
could not bo put in forco with any degree of 
stringency, without great hardship. He did not see 
any other way out of the difficulty than by agreeing 
that there should be different standards for different 
streams. There might be some streams devoted 
to manufactures, and others devoted to tho rip¬ 
arian owners and the tenants. Ho entirely agreed 
with Mr. Muspratt in all he said with regard to 
standards, and lie did not think that they could fix 
standards which should bo applicable to all rivers, 
and which it would be just or convenient to make 
compulsory through the whole country. It was 
utterly impossible, nnd he did not think it wns at nil 
necessary or desirable. If standards could bo agreed 
upon, they would no doubt greatly assist tho inspector; 
they would define his work, and by a chemical analysis 
lie would be ablo to prove his case easily in a court 
of law. But an Act of l’nrliament should be for the 
benefit not of tho inspector only but of the whole 
nation. Every stream should bo treated on its own 
merits, taking into consideration its condition beforo 
tho effluent water passed into it, and the uso made of 
tlio river below, and also the importance of tho manu¬ 
facture, and tho possibility of purifying the effluent 
water at a reasonable cost. If it did cost tho manu¬ 
facturer some money lie ought to be called upon 
to bear it for the good of tho public. Where it 
would bo ruinous to an important manufacture 
to purify the effluent water, such manufacture 
should lie allowed to flourish only cm certain rivers 
which were not reserved for fish and for other 
purposes. 


Mr. Sixclaik pointed out that tho Bill liacl been 
brought in by three privato members and not by tho 
Government, and lie thought it would bo utterly 
impossible to get the Bill into a shape that would bo 
acceptable, and it ought to be opposed until it was 
preceded by a General River Conservancy Bill 
brought in on the responsibility of the Government. 
Looking at his notes on tho old Bill of 1873, lie found 
that some of the most objectionable tests which were 
struck out of that Bill by the Committee of tho 
House of Lords, to whom it was referred, were re¬ 
introduced in the present Bill. When tho rivers 
pollution question wns dealt with they should tnko 
care that no proceedings were taken except with the 
sanction of the Local Government Board, and that 
nothing should be rcriiiirctl from tho manufacturer 
that was not reasonably practicable, and that lie 
should not be subject to prosecution when lie kept 
within tho prescribed tests. The Local Government 
Bonrd should make more uso of the power they had 
to make local sanitary authorities do their duty. Ho 
made this remark, because the Local Government 
Bonrd did not exercise tho power they now had in 
their hands. 

Air. Husky Buuxxf.ii could not agree with that 
eiauso in tho Bill by which any aggrieved individual 
could compel the sanitary authority to take pro¬ 
ceedings. 11c thought tho authority which _ made 
the law ought to have the power of enforcing it nnd 
the responsibility for its being carried out. At 
present if a man could prove injury, lie had his 
remedy at common law, but it wns tho cost of 
obtaining that remedy that deterred peoplo, nnd 
thus rivers continued to bo polluted. Under tho 
Bill ns proposed,, a great amount of vexatious 
litigation would arise. Ho doubted whether county 
boards would form a proper authority for dealing 
with this matter, and should prefer one central 
authority. He thought the question of fixed 
standards extremely objectionable, and not likely to 
attain tho desired object, us they would cnablo either 
sanitary authorities or manufacturers, so long ns they 
were within the standard, to turn into n pure stream 
matter which would nevertheless polluto it, and 
although some of our rivers wero little bettor than 
common sowers, it was desirable that some at least of 
the others should be kept as puro ns possible. Though 
he wns of opinion that pollution by sewage matter 
most of nil required consideration and attention, lie 
did not think that the prevention of river pollution 
wns specially directed against tho mnnutneturing 
interests of the nation. If tho law snid from tho 
beginning that no sanitary authority or manufacturer 
should bo allowed to turn into a stream matters of 
worse character or in greater quantity than the water 
of the stream already contained, ami that tho state 
of the stream itself should bo tho standard of purity 
for that stream, he believed that such a law would 
assist in the development rather than restrict tho 
progress of manufacturing industry. But in Lanca¬ 
shire—probably clsewhero also—they had lmd in¬ 
stances where beautiful streams of puro water had 
been purposely polluted by manufacturers with the 
object of preventing their use by possible competi¬ 
tors. ilo thought that tho true interests of manu¬ 
facturers lny in preventing tho pollution of rivers as 
far as possible, nnd certainly no individual or collec¬ 
tion of individuals should have the right of so pollu¬ 
ting a stream, whether for their own profit or conve¬ 
nience, that no ono olso could use it alter them. 

Dr. liuKTEK thought that the Bill met some of tho 
objections raised by Dr. Hewitt by Clauses 7 and 8, 
which provided that oxisling rights .should not bo 
affected by tho provisions of tho Bill, but tho oxnct 
moaning of those clauses could only bo niado out by 
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lawyers. As regards the standards- of parity, Profes¬ 
sor Mills, when discussing them at Glasgow, con¬ 
sidered somo of them not suflicicutly stringent to 
preserve the life of fish. Now, it appeared to him 
(Dr. (furter) that it was not required that (ish should 
be able to live in the fluids discharged from works 
into the rivers,.but only in the mixture of the pol¬ 
luting fluid with tho river water. Dr. Hugo Fleck, 
an eminent German chemist, had lately published a 
small pamphlet on the pollution of rivers in Saxony, 
and from this little book Dr. Hurtcr gathered Dr. 
Fleck’s opinion on tho subject. Dr. Fleck thinks 
that wo cannot expect anything from river water but 
tlmt it shall be suliicicntly clean for washing purposes. 
Ho considers a river as tho natural drain of the river 
valley. Dr. Fleck thinks that in determining tho 
permissible pollution regard must bo paid to the 
amount of water passing through tho cross section of 
tho river and also to the velocity of the stream. He 
thinks it would bo no uso to forbid tho industrial 
establishments to pollute a river so long as tho much 
larger pollution from town sewage is not excluded, 
because the pollution from sewage is usually much 
tho most serious. In many instances it was found 
that the polluting matter from factories reacted upon 
tho polluting sewage matters so as to purify tho 
river. Dr. Fleck sums up with the following words: 
—“If wo regard the rivers in the first place as the 
natural drains of tho valleys, then wo snail have to 
renounco the maintenance of a large stock of (ish in 
a river in all cases where a large population, with 
numerous industrial establishments, inhabit the river 
valley. No rules would ever be able to keep out of 
a river everything that might prove a disturbance to 
(ish life, where a river was at the same time in the 
service of both domestic and industrial life. Very 
often the eliluvia of industrial establishments were 
represented as the cause of the decrease of fish, 
without any regard to tho fact that tho sewage of 
dwelling-houses might often have its influences. It 
was proved that the water-worms (na'Uku), who were 
the greatest enemies of roe, were found in thoso 
deposits of mud which were rich in feecal matters. 
Wherever a river was in tho service of manufactories 
it would be impossible to make rules of l’nrliament 
which would re-establish in the river a largo stock of 
fish.” Thus Dr. Fleck’s opinion goes a long way 
towards making each river its own standard— i.e., 
towards tho suggestion of tho Chairman. 

Mr. MusritATX, replying on the discussion, said ho 
did not mean that county boards nlono should bo 
tho authority, but what ho meant was that if con¬ 
servancy boards were appointed for different rivers, 
or drainage areas, the county boards should bo 
represented on tho conservancy boards. He agreed 
with Dr. Hewitt in the Local Government Hoard 
having supervising power. They must have a central 
authority to see that all interests throughout tho 
country wore equitably and properly dcult with. Ho 
also agreed that it was absolutely impossible to fix 
standards at present, but it might bo possible after 
they lmd had a lengthened experience, and alter 
investigation by tho new boards, who might take the 
whole question into consideration. They would 
luivo to consider tho interest of each locality,and the 
best practical means of dealing with tho pollutions 
in that locality. Dr. Campbell Brown scarcely agreed 
with him that the sewago should bo first dealt with; 
but after all,sewage was tho greatest source of pollu¬ 
tion, and oven in an [esthetic point of view, they 
should huvo regard for tho nose as well ns tho eye. 
lie certainly thought more progress might have been 
made if proper inspectors had been appointed under 
the Act. They wanted to find out tho best practical 
means of dealing with tho sowngo, having regard to 


the reasonable cost. • He thought the present Act 
gave ample power for dealing with pollutions. It 
insisted upon the best practical means being adopted 
for tho prevention of pollution. He thought they 
were all agreed that this should be done. They did 
not want to continue tho pollution, and ho thought 
all that Dr. Brown said with regard to paper makers 
was perfectly just and right. Paper makers were like 
cvcryono else—bound to use the best possible means 
to prevent pollution. Ho thought the intention of 
the Act was strong enough, and it was only a question 
of carrying out that intention. He therefore proposed 
that that meeting of tho Liverpool Section of the 
Society of Chemical Industry “was of opinion that 
tho Rivers Pollution Bill of 1884 was inadequate to 
secure the objects of its promoters, and would bo 
injurious to tho interests of manufactures, and recom¬ 
mends its early consideration by the Council of the 
Society, with a view to such action as tho interests 
of industrial chemistry might require.” 

Mr. Cauey secondod tho motion, and it was 
carried unanimously. 

-- 

THE LOSS OF ALKALI OCCASIONED BY 
SULPHUROUS ACID IN THE LEBLANC 
PROCESS. 

11Y J. W. PllATT, F.C.S. 

The question indicated by the title of my paper relates 
to one of the last stages of the manufacture of alkali 
by tho Leblanc method. 

Tho sulphate of soda produced in the earlier stages 
of the manufacture has already been decomposed, and 
the resulting black-ash lixiviated to yield the soda in 
solution before the loss which I have attempted to 
trace is set up. Once the alkali is obtained in solution 
ns vat liquor, it is only necessary, in order to procure’ 
the various solid soda ashes, etc., to subject it to eva¬ 
poration and concentration. In English works tho 
concentration of the vat liquor is usually oll'ected by 
causing it to (low from tho vessels in which it has 
been prepared and settled, into long open pans attached 
to tho rear of the revolving or hand black-ash fur¬ 
naces, where the llamo and residual heat play freely 
over its surface. 

As tho evaporation progresses, munohydrated car¬ 
bonate of soda or “salts” senurates out and a mother, 
or “red liquor,” remains. Tho salts nro removed by 
fishing, and tho “ red liquor” is also run oil' from timo 
to time. 

Further manipulation converts tho “salts” into tho 
purest form of commercial soda or carbonated ash, 
and the “ red liquor," in which tho original impurities 
of tho vat liquor arc concentrated, into caustic ash. 
But the initial concentration which leads to this sub¬ 
division of products, and to so large an amount of 
water boing evaporated economically, is not without 
its attendant disadvantages. One of these is the intro¬ 
duction of foreign matters into tho alkali through tho 
agency of the fire gases, which consist essentially of 
carbonic ncid ana oxide, unburnt oxygen, and 
invariably a small proportion of sulphurous acid, due 
to tho sulphur present in tho fuel employed. It is 
with tho action of this hist gas, sulnhurous acid, that 
my experiments havo to deal. Tho other gases, 
excepting tho notion of the CO.j on tho causticity of 
tho liquor, uro inert or at any rate harmless. But 
sulphurous acid being easily absorbable by tho nlkn- 
lino solution, lends to tho formation of sulphites or 
hyposulphites subsequently oxidised to sulphate, and 
tho alkali thus neutralised is to all intents and pur¬ 
poses lost. This loss of alkali has boon variously 
estimated. Weldon * has estimated it at about 2 per 

* Joiirn. Soc. Chum, lml., January, 18S3. 
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cent., and Moorbouse* at from O'lO per cent, to 0'20 
per cent, sulphur on tlio soda-ash made. 

Tho figures given below, on which my estimato is 
based, are the results of experiments carried out at two 
independent works of the'Runcorn Soap and Alkali 
Co., Limited, with tho kind permission of the general 
manager, Mr. Charles Wigg. During two periods, 
somo months apart, I had taken for me nt each works 
average weekly samples of the coal used for firing tho 
furnaces, and of the vat and red liquors, salts, car¬ 
bonated and caustic ashes produced. 

The workmen took small portions of each of the 
substances daily for a week, and these weekly average 
samples were then divided down and analysed. After 
analysis, tho weight of tho substances being known, 
and their ratio one to another having been previously 
calculated over long periods of production, all the 
required data were to hand. 

The total alkali was estimated in each sample, 
likewise the sulphide, hyposulphite, and total sul¬ 
phate after oxidation with hypochlorite, acidification 
and precipitation as barium sulphate. All the results 
are calculated on 100 of Nn„0, after deduction of 
the Na-0 existing as sulphide. The total iodine 
consumed in the titration of the solutions, after 
deduction of that due to tho sulphide, is reported 
as hyposulphite, according to the method usually 
practised in alkali works laboratories. I have so 
reported it in order to avoid complication and pos¬ 
sible error through the employment of not very 
reliablo methods for the determination of sulphite, 
hyposulphite, sulphide, sulphate and total sulphate 
when existing together in ono solution. ‘ This ar¬ 
rangement can only atl'ect the relative amounts of 
sulphate of soda mechanically and chemically intro¬ 
duced in tho preliminary experiments. 

Tho analysis which follows is the average of several 
months, nnd will serve to show tho general coinpo¬ 
sition of the vat liquors dealt with :— 


Total Nn,So, after oxidation = G'81 


Nu.Fo (CM 
Nn.SlO, 

Nu.Al.O, — lou 

Iron = O'—I3t 

Tho fuel employed was almost entirely derived 
from one source, and hence does not present much 
divergence in composition. So far as the present 
subject is concerned, the only point of particular 
interest is the amount of volatile sulphur it contains, 
as that of course leads to the formation of the 
deleterious sulphurous acid in the fire gases. Its 
analysis gives■ 

Fixed carbon = 

Voluillo mutter — 29'25 ~ volalilo sulphur l'T/, 

Ash - 8'25 

Moisture 60 


A. WORKS, OCTOBER. ISSI.-N'o. 1 EXPERIMENT— 
INITIAL EVAPORATION. 

The pan attached to tho revolver in this works 
measures 28x8 xl'O feet, and contains 330 cubic 
feet liquor, exposing a surface of 224 square feet. 
“ Salts” made=about GO tons per week. 

Total Na ; 0 dealt with—about 00 tons per week. 
120 firing coal to 100 Na.jO. 


* Trims. NowcuHtlo Choin. Hoc., 1871. 

t Of this iron, ‘IT/, oxlala us sodium forrooynnldo, and 73% ns 
forroso-sodium sulphide, Na : Fo,S, (ili-O), 


Ratio Na»0 as “salts” to Na s O as red liquor— 
1-5 : 1. 


Vnt Liquor. Itcd Liquor. ' Salt*. 
Na,S “ .... 1-89 .... 516 .... nil. 

Nn-S.O, - .... 1'52 .... 5'fiO .... '57 

Total Nu,SO,.... 7'12 .... 2380 .... 2'32 


tJ-- 1 - * 60) _ -.JO = 379 increase of 

sulphate of soda on 100 of Na«0. This figuro 
will of course include the sulphate of soda mechani¬ 
cally carried over by tho draught of tho furnaco 
through the revolver. The hyposulphite calculated 
on the above basis 

(o'C x 10) + M0'57 x fiQ l - 1*52 = 1-06 7 . Na : S;0, 

in 100 of Alkali. These results givo tho alkali 
neutralised nnd lost by sulphurous acid as being 
'41% Nn : 0, and the incrcaso in total sulphato 

Mechanically carried over — 1'89% 

Due to increase in Nn : S,O a — P90 

Incrcaso In totnl Xn : SO, — 3'79% 

A. WORKS.—No. 2 EXPERIMENT—JANUARY 11, 18S5. 

Vnt. Rcil. Salts. 

Xn,S - 2*6211 .... 6-57 .... nil. 

Nn.S.O, -■ 1-310 .... Pill .... O'S 

Totul’Xn,SO,= 790 .... 2P13 .... 257 

(2P13 x 10)+_(2'57 x GO) _ rQ0 _ 2 - 2 l% Increnso 

Increase in hypo=0'95%=0'372% Na : 0 lost 

Nn,SO, mcclianicnlly carried ovor — ‘51% 

Na : SO, duo to Increase In Nu,S,0, — 1'70 

Totnl No, So, - 2'21% 

As the “salts” aro removed and roasted into 
carbonatod ash, nnd tho red liquors aro evaporated 
to form caustic ash, in furnaces where top heat is 
in each case employed, a further exposure to sul¬ 
phurous (iro gas is involved boforo tho alkali is 
finished. Thu figures below show tho extent of this 
loss :— 

A. WORKS.—100 Na,0. 

Salt, to Furnace. Finl.l.o.lCarbo n atcd 

Nn-S - '013% nil.' 

Nn-S.O, - '930 '375 

Total Nn,SO, 1'170 . P900 

l - 9- 1'47 = '43% increase of sulphato or a loss of 
•187% Na.jO on 100 of alkali. 

Itcil Liquor. Caustic Ash 43% 

Xn,S. 2117 . -22 

NujS-O,. STOr (No,So.,) C32 

Totnl Na,SO, .. 20813 2PC1 

•B27X Incrcaso of Xn,So, = '3C0% Nn : 0 lost. 

Taking tho mean of the two first experiments, and 
proportioning tho amounts of alkali lost in finishing 
tho two ashes, wc find tho total loss of nlkali and 
increase in sulphato of soda on 100 of Na.,0 to bo 
thus arranged:— 

Nn,0 lost. 

Nn,SO,mochnnlcnlly Introduced — P20% — ■ — 

,, ciicnilcully Introduced ■» PS0 — '391% 

„ curb, ash (P5) furnnccs — '258 — '112 

„ cuustioash (P0) furnnccs -=■ "331 — '111 

Totnl Introduced — 3'5S9% — '017% 

This finishes tho experiments at Works A, and 
tho figures which follow are thoso obtained at tho 
much larger works of tho two. 

R. WORKS.—NOVEMBER, 1881. 

The samples aro average ones from pans attached 
to two revolvers. 

Tho dimensions of tho pans are 4(i'x8'x2' and 
45' x o'7i" x 2', and thoy expose a joint aroa of GOO 
squaro 1‘eot to tho ilamo, with a cubic capacity of 
1332 cubic feet. 

Salts nmdo—about 170 tons por wook. 
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which hns not first been communicated, either to the 
Society at large, or to one of its Sections; and lienee 
the main motive of the communication which I have 
sought permission to make to its Newcastle Section 
this evening. 

The project of erecting at Issoudun a monument 
to Leblanc dates from 185G : the year of the publica¬ 
tion of that famous “ Rapport relatif h la Ddcouvertc 
de la Soudo Artificielle,’’ drawn un by Dumas, on 
behalf of a Committee of the Academy of Sciences 
consisting of Dumas, Thenard, Chcvreul, Pelouzc, 
Regnault, and Ealard : which establishes so con¬ 
clusively that Leblanc really was the author, and the 
sole author, of the process which bears his name, and 
that the attempt of one of his old partners, Dizii, to 
claim the credit of that great invention was dishonest 
and unfounded. It was then believed that Issoudun 
was Leblanc’s.birthplace; and the leading Literary 
Society of the ancient province of Berry, of one 
division of which Issoudun is the capital, initiated 
the idea of erecting there a monument to the man 
most useful to his fellows that that province could 
claim to have produced. Only local subscriptions 
were sought; few were obtained ; and the project 
had to be abandoned. It was revived in 1877, and 
again in 18S1 ; in each case with the samo result as 
in 180G. At length, in 1883, it was adopted by the 
“ Consultative Chamber of Arts and Manufactures ” 
of Issoudun, with the concurrence of the Municipal 
Chamber of that city; and for some months tliero 
seemed every prospect that this time it would 
certainly be realised. Only for some months, how¬ 
ever ; for in November, 1883, the first-mentioned of 
these two Chambers came to a decision with respect 
to it which shows that at Issoudun local patriotism 
is confined within most curiously narrow bounds. 

One of the most remarkable figures in the intellec¬ 
tual society of Paris of to-day, is that of a dis¬ 
tinguished painter, who for the last fourteen years 
has been afllictcd with blindness — M. Auguste 
Auastasi. Humble in his estimation of the talent 
which enabled him to produce, beforo his great 
atlliction fell upon him. works so esteemed by others 
that they have provided adequately for his later 
years, this chivalrous blind artist is proud indeed of 
one thing—namely, that I 10 is a grandson of Nicolas 
Leblanc. In 1883, soon after tiro Chamber of Arts 
and Manufactures of Issoudun had decided to 
accomplish the erection in that town of a monument 
in memory of his illustrious ancestor, there came into 
the possession of this gentleman some family papers, 
which led him to doubt the accuracy of the belief 
which at that timo obtained with respect to the date 
of his grandfather's birth ; and tho researches which 
I 10 at onco set on foot with a view to clearing up this 
point resulted in tho discovery, not only that Lcblnnc 
was born in 17-12, and not in 1753, as had been 
believed for nearly three-quarters of a century, but 
also that ho was born, not at Issoudun, but at a 
village near Issoudun — namely, Ivoy-lo-Pre. M. 
Anastasi at once communicated this last-mentioned 
discovery to tho Chambor of Arts and Manufactures 
of Issoudun: and tho members of that body regarded 
it as showing that a statuo to Leblanc in their 
unquestionably ancient but apparently not very 
enlightened little town ‘‘had no longer any raison 
if (ire.” Upon the principle of which conclusion, 
that statuo of Georgo Stenhenson which 0110 sees 
from tho door of this building would have been in 
place at Wylam, but is out of placo in tho capital 
city of the district in which Wylam is situated. 

The work which was thus abandoned by tho Issou- 
dunitos is now, howover, in course of accomplishment; 
and our own country, which is cortainly tho 0110 
which has profited most by tho invention of tho art 


of obtaining soda from salt, has an opportunity of 
taking part in it. It is now in tho hands of a com¬ 
mittee in which Franco is represented by nearly all 
her leading chemists, including Bcrthclot, Bous- 
singault, Becquerel, Cahours, Debray, Freniy, Friedel, 
Pdbgot, and Sclilccsing. by eminent men who are not 
specially chemists, including Pasteur, De Frcycinct, 
and tho Count de Lesscps, and by all her largest 
chemical manufacturers; and in which Germany is 
represented by Professor Hofmann of Berlin, Bel¬ 
gium by M. Solvay, and this country by three 
Vice-Presidents of our Society, Sir Henry Roscoe, 
Colonel Gamble, and myself. France has already 
subscribed liberally ; thanks to M. Solvay, Belgium 
holds a prominent place on tho subscription list; 
under the auspices of Professor Hofmann and Mr. 
Hascnclever, influential committees are being formed 
for the collection of subscriptions in Germany and 
Austria; and tho three English members of the 
central committee have undertaken to bring tho 
matter under the notice of every soda maker in Great 
Britain. The present is certainly not a propitious 
moment at which to ask British Leblanc soda makers 
to write cheques ; and I am not concerned to try to 
maintain that to erect monuments to departed bene¬ 
factors is our highest duty. But it happens to be 
just now that the opportunity presents itself of doing 
for Leblanc what was long ago done in this country 
for James Watt,—I put it in that way, because I 
think that Dumas was certainly right in regarding 
tho Leblanc soda process ns the invention of the last 
century next in practical importance to tho steam 
engine; it would nt least bo unbecoming that we, 
who manufacture twice as much Leblanc soda ns all 
tho rest of the world put together, should be 
surpassed by nny other nation in our willingness to 
contribute to tho acknowledgment now in question 
of tho indebtedness of all mankind to an invention 
which oxcecds in practical importance all others of 
modern times, one only cxccptcu ; and other countries 
are doing their part in the matter so well, that the 
total sum which one need wish to raise in this country 
in respect of it is so small,—say somo £(100 or £700 
or so,—that if only every English soda maker would 
contribute something, the amount required from each 
would bo quite inconsiderable. 

Before passing to other matters, I would ask per¬ 
mission to mention that M. Anastasi has recently 
written a biography of Leblanc,* which was pub¬ 
lished at Paris last summer, and which I believe that 
Messrs. Hachcttc it Co., of 18, King William Street, 
Strand, London, would send by post to nny one in 
Great Britain in cxclmngo for two shillings. Though 
its details are necessarily scanty, it tells the story of 
Leblanc’s career much more fully than that story had 
been told before; and a more deeply pathetic history 
of a human life is scarcely, I think, to bo found in all 
literature. Of tho new facts stated in it, I will 
leave to bo gained from the book itself all but just 
0110 : from which it appoars that in travelling to 
Baris by Calais or Boulogno one probably traverses, 
and if one docs not nctually traverse, pusses within 
a stone’s throw of, tho spot where black-ash was 
first manufactured, and the spot on which Leblanc 
died by his own hand. It is usually stated that his 
death took placo in a hospital for tho poor, but it 
really took place in his own houso ; that houso was 
within tho wnlls of his works; and upon a portion 
of tho site of his works now stands the railway 
station of St. Denis. 

Having thus corrected the inaccurato statomont 


• " Nicolas J.oblano; su Vio, scs Travails, ot l’lllatolro ilo 
lit Soudo Arllllclallo. Pur. Auk. Aiiiistusl, uuclon urtistu 
polutro, Ciiovullur da lu l.offlau d'iioiiuoiir, potlt-llls do 
Nicolas Lobluuc. Purls; ilitolioUc. 
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made by myself in this theatre last July, I will ask 
permission to proceed to refer to certain comments 
on the process proposed by Dr. von Miller and Herr 
Op} for the recovery of sulphur from alkali waste, 
which occur in the very interesting paper by Professor 
Divers which was read before this Section at its 
meeting in November. Of the vnluo and importance 
of Dr. Divers’s work on the chemical history of 
calcium sulphides and hydrosulphidcs, it would be 
dillicult to speak too highly; but lie has been misled— 
evidently in large measure by imperfect information 
with respect to Von Miller and Opl’s methods of 
procedure—into basing on some of the results of that 
work (piite erroneous conclusions with respect to a 
process, one part of which might, I think, bo turned 
to account in this district. 

After having pointed out two very real objections 
to an earlier proposal, by Herr Opl only, for causing 
the calcium sulphide of alkali waste to enter into 
solution as calcium sulphydrate, and having added 
that “ a third objection is that calcium sulphide is 
too slow for technical purposes in combining with 
hydrogen sulphide, according to our experiments on 
the small scale,” and that “ a fourth difliciilty is that 
the calcium hydroxide, and some, at least, of the 
carbonate always present in alkali waste, have also to 
be saturated with hydrogen sulphide,” Dr. Divers 
goes on to say : “Opl’s later process, or, rather, Opl 
and Yon Miller's process, is equally unpromising. 
A solution of calcium hydrosulphido having been 
prepared from alkali waste, this is to bo made, by 
boiling, to givo up its hydrogen sulphide. Fart of 
this is to bo converted -into sulphur or sulphuric acid 
at pleasure, and the rest is to be used in preparing a 
fresh solution of calcium hydrosulphido by dissolving 
out with it in water the sulphide of alkali waste. 
Not only arc there tho objections which apply to the 
other process, that hydrogen sulphide by no means 
Muickly and readily dissolves calcium sulphide, and 
that it has to saturate the free lime in the waste, but 
there are obviously others. A solution of calcium 
hydrosulphide only slowly decomposes, even when 
vigorously boiled, unless the atmosphere over it is 
rapidly changed and the liberated hydrogen sulphide 
in this way carried oil'; and, therefore, tho expulsion 
of the last portions of hydrogen sulphide will involve 
tho generation of much steam, and this steam has to 
be condensed nud tho gas cooled before it conies to 
the moist waste. Another dilliculty to bo met, is to 
force this gas into the closed vessel holding the waste, 
- since without pressure it could never be passed with 
any speed into the waste and yet bo all absorbed.” 

Now, to deal first with tlioso of these supposed 
objections to the process of Messrs, von Miller and 
Opl which rclato to that portion of it which consists 
in treating waste by 1LS, in order to bring tho 
calcium sulphide of the waste into solution as 
calcium sulphydrate, this part of that process has 
been in industrial operation for now nearly two years, 
and experience has shown that it is open to Dr. 
Divers’s criticism of it only on one point. The 
operation is not performed in “a closed vessel;” it 
involves no “ forcing,” or pumping, of sulphuretted 
hydrogen, either “under pressure” or otherwise; 
the sulphuretted hydrogen is absorbed ns rapidly as 
it can bo practically supplied; nud although that 
sulphuretted hydrogen does react on any calcium 
hydrate contained in tho waste treated by it, if it 
attacks at nlj the calcium carbonate of tho waste, tho 
extent to which it does so is quite inappreciable 

With pyrites at threepence per unit, it is obvious 
that a process directed sololy to tho recovery of sul¬ 
phur from alkali waste, and yielding that sulphur 
only as sulphuretted hydrogen, can lmvo little chance 
of adoption; and honoo, at least until there shall 


have been realised some very cheap method of 
treating IDS for the separation of its sulphur in tho 
free state, those of the proposals of Dr. von Miller 
and Mr. Opl which are criticised by Dr. Divers in 
the passages which I have quoted, taken by them¬ 
selves, would have little or no practical interest. 
It is only because one of those proposals has been 
moved applicable with advantage as part of a process, 
laving a certain interest for this district, of which 
tho recovery of sulphur from alkali waste is simply a 
secondary result, that I take this opportunity of sub¬ 
mitting to you certain facts relating to it with which 
Dr. Divers, when ho wrote his paper rend here in 
November, was obviously unacquainted. 

While it was at tho Alkali Works of Hriischau, in 
Moravia, of which Dr. von Miller is ono of tho 
proprietors. Mr. Opl being chemist there, that tho 
treatment oy I DS of a mixture of waste and water, 
so as to dissolve out the calcium sulphide of the 
waste ns calcium sulphydrate, was first put into 
execution : ns soon as this method of getting the 
sulphur of wusto into solution was found to bo a 
really practicable one, it was put aside at Hriischau, 
pending the result of that work in respect of methods 
for the obtninment of the sulphur of calcium sul- 
iihydrato ns freo sulphur which Dr. von Miller and 
Air. Opl are still earnestly pursuing. Almost simul¬ 
taneously, however, with its proposal by these 
chemists, simply as a step towards tho recovery of 
sulphur, it was proposed also, by M. Lombard, of 
Marseilles, ns part of a process for tho manufacture 
of “dicalcic phosphate , ’ and that nearly two years’ 
experience of it to which I have referred has taken 
place, not at Hriischau, but, in connection with this 
process of M. Lombard’s, at Rassuen, in the south 
of France. 

Tho old method of manufacturing “dicalcic phos¬ 
phate ” consists in dissolving a suitable phospliatic 
material in aqueous hydrochloric acid, and then 
precipitating the phosphoric acid of the resulting 
solution by means of finely divided calcium carbonate. 
The phosphate obtained in this way, however, is 
never pure, by reason of some of the calcium car¬ 
bonate always getting so coated with insoluble phos¬ 
phate that contact between it and tho solution in 
which it is present cannot tako place. Seeking to 
become able to obtain a richer precipitated phosplmto 
than had ns yet been obtained industrially, and seeing 
that he could hope to do this only by means of a 
precipitant which could be employed in tho state of 
solution, M. Lombard was at length led to tho idea 
of employing as tho required precipitant solution of 
calcium sulphydrate, obtained by dissolving the cal¬ 
cium sulphido of alkali waste in aqueous solution of 
sulphuretted hydrogen. The process in which he 
does this was got to work at llassuen, on a small but 
industrial scale, early in 1S83; it has been in opera¬ 
tion there ever since; and a much larger than tho 
original plant for it is now being constructed there. 

Of tho sulphuretted hydrogen which is liberated 
in tho first operation of M, Lombard’s process, by the 
reaction upon each other of solution of phosphoric 
acid and solution of calcium sulphydrate. half of 
course corresponds to tho sulphuretted hydrogen 
which was used ns such in tho preparation of that 
solution of cnlcium sulphydrate, and must bo em¬ 
ployed for tho preparation of another quantity of 
solution of that body, only the remaining half of it 
being avnilahlo for tho separation of freo sulphur 
from it, or for use, ns at Rassuen, ns n sourco of S0 2 . 
The Il jS, however, is not, ns Dr. Divers supposed 
when lie wrote the paper read hero in November, 
divided initially into two portions: ono to bo sont 
directly to burners, and only tho otlior into tho 
apparatus in which it is to react on waste; but tho 
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whole of the sulphuretted hydrogen is sent, not into 
n, “ closed vessel,” containing merely “ moist waste,” 
but into the first of a series of three vessels, charged 
with a mixture of waste with moro than its weight 
of water : the first of which three vessels com¬ 
municates with the second, the second communicating 
with the third, the third communicating with ap¬ 
paratus for the combustion of IDS into SOj and 
vapour of water, and this last communicating with 
vitriol chambers. Each of the three absorption 
vessels is furnished interiorly with a mechanical 
agitator, which is kept in motion throughout the 
operation performed in them. The whole of the 
sulphuretted hydrogen enters, as I have said, the 
first of the three vessels ; a portion of it is absorbed 
in that vessel; and the remainder of it passes on into 
the second vessel. Of tho H s S which thus enters 
the second vessel, a portion is absorbed therein, the 
remaining portion passing on into the third vessel; 
and from the third vessel that portion of the sul¬ 
phuretted hydrogen entering it which is not absorbed 
in it passes on to tho combustion apparatus. The 
H-.S has not to be forced into the absorption vessels, 
but is drawn into them : partly by the draught 
occasioned by the absorption of some of it in those 
vessels, and partly by draught from the combustion 
apparatus and the vitriol chambers. The necessary 
division of the total quantity of M : S into the pro¬ 
portion of it which may be burned, being the 
proportion of it, per operation, which represents the 
quantity of sulphur recovered from waste in that 
operation, and the proportion of it which may not be 
burned, and which may be regarded as ono and the 
same quantity of H-S, kept constantly in circulation, 
and used continually over and over again for dis¬ 
solving calcium sulphide out of successive quantities 
of waste, is ell'ccted in the easiest possible way, 
simply by duly adjusting to each other the total 
quantity of H-S evolved in each operation and the 
quantity of waste charged into the absorption vessels. 

In M. Lombard’s process,—and it is only in con¬ 
nection with some such process as his that there can 
ns yet be any question of the preparation of calcium 
sulpliydratc from alkali waste,—the only influence of 
the presence of calcium hydrate in the waste treated 
is to diminish the quantity of sulphur recovered from 
waste, in the state of sulphuretted hydrogen, obtained 
as a secondary product of the process, per given 
quantity of tho phosphate which is its primary pro¬ 
duct. When there is no calcium hydrate in the waste 
employed, ono ton of sulphur from waste is obtained, 
as sulphuretted hydrogen, per somewhere about 
three tons of dicalcic phosphate ; and seeing that, at 
tho present price of pyrites, a ton of pure sulphur¬ 
etted hydrogen, for use merely as raw material of the 
manufacture ol sulphuric acid, cannot be regarded 
as worth more than thirty shillings, for the quantity 
of secondary product, per that quantity of primary 
product, to be reduced, by the presence of calcium 
hydrate in the waste employed, to say eighteen 
hundredweight, is simply to mako the cost of tho 
primary product greater in the latter case than in 
tho former by about one shilling per ton. As regards 
tho calcium carbonate of tho wnsto employed, it has 
practically no prejudicial influence whatever, sul¬ 
phuretted hydrogen not attacking this constituent of 
waste until practically all its calcium sulphide and 
calcium hydrate have been dissolved out, beyond 
which point tho operation is not carried ; and though 
Dr. Divers supposes, I believe erroneously, that sul¬ 
phuretted hydrogen generated from solution of cal¬ 
cium sulphydrnto by Dr. von Miller’s method, “must 
bo cooled before" it can bo used for tho preparation 
of a further portion of sulphydrnto, in M. Lombard’s 
process, at any rate, tho IDS does not require cooling, 


being evolved at a temperature little, if at all, above 
that of the atmosphere. Lastly, the operation of bring¬ 
ing into solution ns calcium sulphydrate the calcium 
sulphide of alkali waste, by the method which I lmvo 
described, is not a costly operation : requiring fuel 
only for raising the small quantity of steam required 
to keep in motion the agitators in the absorption 
vessels, and labour only for raising that steam, 
charging those vessels, and discharging them. 

Wo may, therefore, I think, take it that calcium 
sulphydrate is now readily and cheaply obtainable 
for use in any process, to be performed in or in the 
neighbourhood of Leblanc soda works, in which that 
body can bo employed ns a re-agent: provided onlv 
that tho process be one—such, for example, as M. 
Lombard’s—in which tho sulphur of tho calcium 
sulphydrate, or, if not the whole of that sulphur, at 
least half of it, is evolved as II-S. For what cannot, 
1 think, fail to become a very important industry in 
this district—namely, the. manufacture of phosphates 
of lime from the phosphoric acid of the slag of the 
basic steel process, the question of using as the 
necessary precipitating agent solution of calcium 
sulphydrate prepared by the method of Messrs, von 
Miller, Ojd, and Lombard, and so obtaining a richer 
phosphatic product that can he obtained by means 
of any other precipitant industrially available, and 
at the same time recovering the sulphur of an 
equivalent or nearly equivalent quantity of tho cnl- 
ciumsulphidcof alkali waste—certainly seems worthy 
of at least being studied. 

As Dr. von Miller’s method of decomposing the 
solution of calcium sulphydrate obtained by his, Op], 
and Lombard’s method can have very little practical 
interest until means shall'have been realised of 
cheaply obtaining free sulphur from sulphuretted 
hydrogen, I will ask permission to devote to it only 
the very low sentences necessary to indicate its real 
nature—for the idea of it which is conveyed by Dr. 
Divers’s paper is not an entirely accurate one—and 
its present position. Dr. Divers’s statement that 
“solution of calcium hydrosulpliide decomposes only 
slowly, even when vigorously boiled, unless tho 
atmosphere over it is rapidly changed, and the 
liberated hydrogen sulphide in this way carried oil’,” 
is of course absolutely accurate; but it lias scarcely 
any relevance to Dr. von Miller’s method of proce¬ 
dure, which consists, not in merely “boiling" 
the solution in question, but in evaporating it nearly 
to dryness. Tliis method of procedure no doubt 
involves “ the generation of much steam,” and “this 
steam,” as Dr. Divers says, “ must bo condensed ; ” 
but the condensation of steam is not n difficult 
operation, and the only prncticnl question relating to 
that steam is, what is tho cost of raising it? On 
this point Dr. von Miller informs mo that such 
experience ns ho has yet had with respect to it leads 
him to concludo that the evaporation of the quantity 
of solution of calcium sulphydrate, tho evapora¬ 
tion of which yields the quantity of sulphuretted 
hydrogen containing two tons of sulphur, being the 
quantity of such solution which in his process has 
to be evaporated per ono ton of sulphur recovered 
from nlkiili waste, can be cfi'ectcd by ] - 8 tun of 
slack, and that in his district, at any rate, tho value, 
merely for use in agriculture, of tho 2 tons (i cwt. of 
chemically pure but very dense crystallised calcium 
hydrate which are obtained ns a secondary product 
of tho evaporation of tho quantity of solution of 
cnlcium sulphydrnto in question, is fully equal to tho 
cost of performing that evaporation, for fuel and 
labour combined. The ono difiiculty which ho hns 
really had to encounter in his endeavour to realise on 
the large scale tho decomposition of calcium sulphy¬ 
drate by tho more evaporation of its aqueous solu- 
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tion is that of providing suitable vessels m which to wards, one of your members, who bears a name which 
perform that evaporation : vessels, the materials of must always hold a foremost place in the history of 
which shall be attackable neither by calcium sulphy- metallurgical invention, Mr. Hugh Lee Pattinson, 
dratc nor by hydrogen sulphide. He believes that junior, wrote to that great daily newspaper which is 
ho lias recently come to sec a satisfactory way out of one of the many things for which this city is 
this (lilliculty; lmt at this season building operations renowned far and wide, for the purpose of pointing 
are impracticable at Hriischau, and it will not be till out certain supposed objections to that process, in 
towards the close of next autumn that the practice- order, ns he put it, “tlint an undue amount of 
bility or otherwise of his latest ideas on this subject importance” might “not be attached to” the address 
will have been adequately tested. in which that process and certain probable conso- 

Dr. von Miller is perfectly conscious that even qnonces of it were touched upon, “by those unable, 
when lie shall have succeeded in obtaining command of their own knowledge, to supply a criticism” of it. 
of suitable apparatus in which to ell'ect tho dccom- For the comfort of such persons, Mr. l’attinson 
position of calcium sulphydrate by his method, “supplied a criticism,” one of tho points of which 
that method can have little practical value until it was that tho fundamental reaction of the chlorine 
shall have been supplemented by a cheap means of process in question must be performed, cither in an 
dccom posing sulphuretted hydrogen in such manner open furnace, in which case tho chlorine yielded by 
ns to obtain its sulphur in the free state. Though it would bo mixed with products of combustion, or 
hydrogen sulphide is by no means a very stable body, “in a retort or close furnace,” costly alike for fuel 
none of the many proposed such methods of deeom- and for wear and tear. I replied that tho apparatus 
posing it have yet succeeded on the largo scale : even in which that reaction is performed at Salindres is of 
the Claus process, which at one time seemed very tho nature neither of an open furnace nor of a 
hopeful, having as yet given only incomplete results, “close” one; and I have been surprised to find that 
Dr. von Miller is at present working on an idea for there are those who have been unable to understand 
the accomplishment of the object in question, which, how this could be. 

whether or not it bo destined to prove more fortunate Our French friends have a proverb which declares 
than its many predecessors, is at least interesting as ■ that “a door must be either open or shut;” but it is 
constituting quito a new departure in its line : that not the case that a furnace must be either an “open” 
idea being to burn the hydrogen only of sulphuretted \ furnace or what we call a “close” one : meaning by 
hydrogen, not by gaseous oxygen, but by the solid an “ open furnace,” one the charge in which is 
oxygen of calcium sulphate. . heated by direct contact with the products of tho 

Dr. von Miller has found that if sulphuretted combustion of the fuel employed, and by a “close 
hydrogen be passed over heated calcium sulphate, the furnace ” one in which the charge is heated, without 
calcium sulphate becomes reduced to sulphide, and coming into contact with products of combustion, by 
there passes oil' a mixture of vapour of water and heat applied to the exterior of the furnace, and 
vapour of free sulphur. He has also found that if a transmitted to the charge contained therein through 
current of air bu then admitted to tho residual tho material of which the furnace is constructed, 
calcium sulphide, the latter combines with some of There is of course nnolher kind of furnace than 
the oxygen of the air thus admitted to it, with con- either of these. A furnace which was in use before 
sidcrablo evolution of heat, the original quantity of tho dawn of history, the principle of which was 
calcium sulplmto being thus reconstituted for use known to and applied by pro-historic man, a furnace 
again. The oxygen which combines with the hydro- which exists to-day in greater numbers than any 
gen of the sulphuretted hydrogen treated by this other, and which has rendered and is still rendering 
process is thus atmospheric oxygon, but atmospheric more important service to humanity than all other 
oxygen no longer having nitrogen associated with kinds of furnaces put together, is neither an “open 
it; so that if any of tho sulphuretted hydrogen furnace” nor a “close” one. Need I say that I 
escapes decomposition in the first instance, or if any refer to the baker’s even? 

of its sulphur is oxidised into. SCL, the II-S or SO.., To prepare the stall' of life, one has to roast 
which in such case passes from tho apparatus in small masses of a slightly fermented intimate mix- 
whicli the process is performed, instead of being ture of Hour and water. When lie has charged these 
mixed, as tinder corresponding circumstances in the into his furnace, or “oven,” the baker dues not pour 
Claus process, for example, with so much inert gas in upon them llnmo and heated products of com¬ 
as to preclude its utilisation, is mixed only with bustion; and hence his furnace is not an open 

vapour of sulphur and vapour of water, anil when furnace. Nor docs ho apply heat to the exterior of 
theso have been condensed out of it remains perfectly his oven, and so roast his loaves by heat transmitted 
pure. At Oldbury, Messrs. Chance brothers have to them through the substance of its floor, walls, or 
made some small experiments on this process; and roof; and hence his oven is not of tho naturo of a 

they linvo found that, in the laboratory at any rate, “ retort or close furnace." What ho does is to heat 

it is easy of execution, and that none of the sulphur up his oven beforo his loaves are put into it, and the 
of thu sulphuretted hydrogen treated by it undergoes loaves are then roasted, or “baked,” by means of 
oxidation, provided only that the sulphuretted hydro- heat which was applied to and stored up in the 
gun be always sent into tho apparatus containing tho bricks of which the oven is constructed beforo the 

heated calcium sulphate at such speed that u slight loaves entered it. Tho new chlorine furnace in 

proportion of it shall pass out undccomposcd. question is upon precisely the same principle ; and 

Other new processes for tho recovery of sulphur M. J’echiney and 1, in speaking of it together, always 
from thu residual product of thu Leblanc soda call it tho “ four do boulanger.” 
process nro now under experiment, but time will not It consists of a series of vertical chambers, tho 
permit mo to touch upon them ; and I will now pro- thickness of tho dividing walls of which is con- 

ceed, with your permission, to briefly indicate tho sidcrably greater than the width of tho spaces 

naturo of tho furnace invented at Salindres for use botween them. Reforo charging these chambers with 
in tho process of manufacturing chlorine from oxyehlorido of magnesium, products of combustion 
oxychloride of magnesium. are passed through them, until their dividing walls 

' That method of manufacturing chlorine was first nro raised to a certain temperature. The products of 
mndu public by tho address, delivered in this theatre, combustion which have traversed tho sories of cham- 
to which 1 have already referred. Shortly after- ' bors go first through a regenerator and then to nppa- 
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ratus in which most of the hcnt still retained by 
them is utilised for the evaporation of the solution of 
magnesium chloride with which the process com¬ 
mences. When the dividing walls of the furnace 
have been heated sullicicntly, the admission of pro- 
ducts of combustion is arrested, and the chambers 
are charged, through doors at the top of each of 
them, with magnesium oxychloride in small lumps. 
By absorption of some of the heat previously stored 
up in the massive dividing walls of the furnace, 
these lumps of oxychloride rapidly become raised to 
such temperature that the oxygen of the air which 
is now admitted into the furnace can react upon 
them, with the result that their chlorine becomes 
replaced by some of that oxygen, and that there 
passes oft' a mixture of free chlorine, nitrogen, excess 
of air, and vapour of hydrochloric acid : which mix¬ 
ture passes first to apparatus in which its vapour of 
HOI is condensed out from it, its gases then passing 
on into mechanical bleaching powder chambers. 
When this replacement of tho chlorine of the mag¬ 
nesium oxychloride by atmospheric oxygen has 
become complete or nearly so, the residual magnesia 
is discharged by doors at the bottom of each com¬ 
partment of the furnace, and the furnace is then 
ready to be heated up again, for another operation. 

Tlio furnace invented at Salindres for the oxy¬ 
chloride of magnesium chlorine process thus avoids 
equally both the alternative dilliculties, one or other 
of which Mr. I’attinson declared that the process 
“must” necessarily encounter. The chlorine liberated 
in that furnace is not mixed with products of com¬ 
bustion, nor is the material treated in it heated by 
the costly method of transmitting to it, through the 
substance of the vessel containing it, heat applied to 
that vessel externally. To which allow me to add 
that the furnace is not costly of construction ; that 
it is subject only to a moderate amount of wear and 
tear; that it is obviously economical of fuel; and 
that there seems every likelihood that the manufac¬ 
ture of chlorine from chloride of magnesium is by no 
means the only purpose to which it will prove 
capable of being applied with ad vantage. 

To tho chlorine process for which this furnace was 
invented, Mr. Pattinson further objected that the 
chlorine yielded by it is hot chlorine, requiring to lie 
cooled before it can be applied to the manufacture of 
blcaching-powder: as though black ash did nut 
require cooling before it can be lixiviated ; as though 
it were an objection, alike to the Leblanc soda pro¬ 
cess and to tho ammonia soda process, that tho 
finished product of each respectively must lie cooled 
before it can be packed into casks; as though it were 
a grave fault on the part of our method of mnuufuc- 
turing sulphuric acid that the gases from the pyrites’ 
burners must be cooled before they can cuter the 
vitriol chambers; and ns though it could matter in 
the least whether tho chlorine had to be cooled or 
not, provided only that it be finally yielded, ns 
chlormo which has been absorbed by calcium 
hydrate and has so become a constituent of blcnching- 
jiowder, more cheaply than chlorine manufactured in 
any other way. 1 may nevertheless point out tlmt 
the operation by which tho chlorine is cooled is not 
performed for the express purpose of cooling tho 
chlorine, ns Mr. 1‘n.ltinson’s “criticism" would imply 
that it is, but would equally have to be performed 
even if the chloriuo were not hot at the stage at 
which that operation comes in : the enso being one 
of a process yielding two distinct products, which 
two products, at an intermediate stage of the process, 
are mixed together, but neither of which is of any 
value until it is separated from the other, so that tho 
process by which both are manufactured is not com¬ 
pleted until tho operation by which thoir separation 


is effected lias been performed, and that to say of 
that process that the operation by which its two 
products are separated is an essential part of it is to 
criticise it only in the sense, if any, in which it would 
be a criticism of the Leblanc soda process to say 
that its intermediate product, black ash, has to bo 
separated into sodium carbonate and calcium sul¬ 
phide, or iu which it would bo a criticism of tho 
ammonia soda process to say that it is necessary in 
that process to split up the hydrogen-sodium 
carbonate intermediately produced in it into normal 
sodium-carbonate, vapour of water, and free carbonic 
anhydride. 

The two products are of course free chlorine and 
vapour of hydrochloric acid. Whereas, per 100 parts 
of the chlorine contained in hydrochloric acid 
treated by tho old Weldon process, 30 parts are 
yielded as free chlorine and 70 parts as the chlorine 
of calcium chloride, per 100 parts of the chlorine of 
hydrochloric acid treated by tho oxychiorido of mag¬ 
nesium process, fiO parts are obtained as free chlorine, 
and the oilier 00 parts as MCI: the aqueous acid 
obtained by the condensation of which 1101 may 
cither be neutralised by magnesia and made to yield 
another 00 parts of free chlorine, or be applied to 
any other purpose which may be preferred. To 
whatever purpose, however, that 1101 be afterwards 
applied, it must be separated from the free chlorine 
which is liberated concurrently with it, and tho 
operation bv which it is so separated yields the 
chlorine cool: no operation for the special purpose of 
cooling the chlorine being thus required. 

Even, however, jf the chlorine had to lie cooled by 
an operation having no other object, wlmt would 
that operation amount to? Supposing the mixture 
of chlorine and other gases to be not much more than 
half as rich in chlorine as it often has been, tho 
volume, at the temperature of tho atmosphere, of 
the quantity of it corresponding to a ton of bleacliiiig- 
powiler would lie about 28,000 cubic feet, or scarcely 
more than one-sixth of the volume of the quantity 
of gases which has to be cooled, in the manufacture of 
sulphuric acid, supposing the gases from the burners 
to contain 7 per cent, by volume SOs, from tho tem¬ 
perature of the combustion of pyrites to that at 
which they cuter the vitriol chandlers, per ton of 
pyrites burnt. A single firm in this district, tho 
Newcastle Chemical Works Company, burning 30,(id0 
tons of pyrites per annum, cools per annum, from 
and to the temperatures 1 have mentioned—without 
Mr, Alfred Allimsen, I venture to say, considering 
that he is doing anything specially wonderful in so 
cooling a quantity of gases so enormous—about fivo 
thousand millions of cubic feet of burner gases: 
being a quantity little, if at nil, inferior to tho total 
quantity of gases which would have to bo cooled in 
| connection with tho oxychloride of magnesium 
j chlorine process, if there were manufactured by that 
j process absolutely the whole of tho chloriuo at 
I present produced by all tho chlorine mnmtfncfurers 
| in the world put together. 

I In conclusion, just four sentences, if you please, 

I with respect to the dilution of chloriuo by other 
gases, and the manufacture of blcaching-powder in 
mechanical chandlers. One point of Mr. I'attinson’s 
“criticism” was that the chloriuo yielded by tho 
process of which I have been speaking, nml that 
yielded by u certain other process, being dilute, 
cannot be used in ordinary blcaching-powder cham¬ 
bers. So might it have been objected in the early 
part of this century to the proposal to use coal gas 
as an illuminating agent, that it could not be burned 
in tho ancient candle-slicks. Tho enmllu-sticks have 
gone ; and I express a most deliberate and carefully- 
weighed opinion in saying that the primitive blencli- 
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ing-powder chambers would have to follow them, 
even if there were no nuestion of any change in the 
methods by which chlorine is manufactured. Mr. 
Puttinson said in the Chronicle, that “it is always 
desirable, if not essential, to make it” (blcnching- 
jiowder) “with concentrated pure gas;” Imt that 
ancient superstition is not only not supported by ex¬ 
perience of the use of dilute chlorine in mechanical 
lilenching-powder clmin!>ers, but all such experience 
goes to show that, even when manufacturing chlorine 
by methods yielding “concentrated ]mre gas,” the 
wise course would lie to deliberately mix air with 
that gas, in order to become aide to absorb it by a 
method much more rational than the primitive 
method at present used exclusively everywhere, I 
believe, except at Salindres: by a method, that is to 
say, which not only avoids all loss of chlorine, and ail 
nuisance arising from such loss, and is very much 
more rapid than the ordinary method, Imt which also 
yields much more stable blcaching-powder, and 
bleaching-powder much more uniform in pliably, 
than can be manufactured by tho old method, but 
which now method absolutely reipiires that the 
chlorine treated by it should be mixed with an inert 
gas, which may constantly carry oil' the heat liberated 
by the combination of the chlorine with calcium 
hydrate. Experience of that mechanical blcachiug- 
nowder chamber which Mr. 1‘attinsou said that it had 
neon “necessary to invent” for tho absorption of the 
dilute chlorine yielded by the new nrocesses in 
question, but which was really invented and used— 
long before any experiments on those processes had 
been commenced at .Salindres—for the absorption of 
tho chlorine remaining in tho atmosphere of ordinary 
hleaching-powdcr chambers, fed by strong chlorine 
from the old Weldon process, at tho moment of 
taking down their doors, has proved conclusively 
that to say of a method of manufacturing chlorine 
that the chlorine yielded by it is diluted by other 
gases, provided only that those gases are inert gases, 
not cnpablo of being absorbed by calcium hydrate, 
and that the degree of dilution is not too great, is to 
say that tho chlorine manufactured by that process 
is better adapted, and not less well adapted, to the 
manufacture of good blcaching-powder, than if it 
were not diluted by other gases; and that to object 
to such a process that tho chlorine yielded by it 
cannot bo used in tho old hleaching-powdcr cham¬ 
bers, is as though one should maintain that the 
modern railway system is inferior in advantage to 
tho stage-coach system of our fathers, on the ground 
that railway locomotives cannot be run on ordinary 
roads. 

DISCUSSION'. 

Tho (JllAlUMAN : The formal discussion of Mr. 
Weldon’s paper will take place, of course, at our 
next meeting; but as Mr. Weldon limy not be able to 
attend our next meeting, perhaps those of the mem¬ 
bers present who would like to put any questions to 
him on the subject of his paper will do so now, while 
he is here to answer them. 

Mr. John Pattinson: It would bo interesting to 
know on what scnlo blcaching-powder is now being 
made at Salindres by tho oxychloride of magnesium 
process. I presume that tho magnesium chloride is 
obtained by decomposing by magnesia the ammonium 
chloride of tho ammonia soda process? 

Mr. Stuaiit: (Jnn Mr. Weldon give us any idea of 
tho form and principle of tho mechanical bleaehing- 
powdor chamber of which-he has spoken? Tho Chief 
inspector under tho Alkali Acts has been pressing 
manufacturers to adopt somo method of dealing with 
tho residual chlorine remaining in the presoul cham¬ 
bers when the chnrge in them is ready to bo packed, 


and his proposals on this point have not met with 
very general approval. Perhaps M. Pechincy’s 


very general approval. Perhaps M. Pechincy’s 
mechanical chamber might be a solution of the 
dilliculty. I should also like to nsk which process of 
manufacturing chlorine at present oilers the greatest 
promise of future success—the oxychloride of mag¬ 
nesium process, or tho chloride of manganese 
process? 

Mr. Mokkison: What length of time is required 
for the operation of manufacturing blcaching-powder 
in mechanical chambers? 

Mr. Nixon: What nre the practical dillioultics of 
decomposing oxychloride of magnesium by atmos¬ 
pheric oxygen? Is the whole of tho oxygen of tho 
air used absorbed? And is tho blcaching-powder 
made from the dilute chlorine got up to full English 
strength? 

Mr. Wixhon : Up to the present time, the suc¬ 
cessive installations at .Salindres for the oxychloride 
of magnesium process have been upon a semi-indus¬ 
trial scale; but a large industrial plant for it is now 
in course of construction there. The magnesium 
chloride hitherto used at .Salindres as tho raw 
material of the process in question has been that 
obtained in tho salt gardens of MM. Pechiney et 
Cie., at Giraud, in Cnmarguc, as tho mother-liquor 
from the manufacture of salt, by natural evaporation, 
from sea water. The mechanical bleaehing-powder 
chamber in use at .Salindres was devised for the 
express purpose of absorbing the chlorine contained 
| in ordinary blcaching-powder chambers at the 
moment of taking down their doors. It is upon the 
principle of tho horizontal revolving cylinder which 
was tried at (icrard’s bridge, St. Helens, many 
years ago. Mechanical blcaching-powder chambers, 
however, cannot give good results with strong 
chlorine. When tho chloriuo used in mechanical 
chambers is sulliciently diluted by inert gases to 
carry oil the heat generated by tho reaction of the 
chlorine on calcium hydrate, mechanical bleaehing- 
powder chambers yield as strong blcaching-powder as 
can be obtained in any other chambers. _ The time 
required for the operation of manufacturing blench- 
ing-powder in mechanical chambers depends chiclly 
on the rate at which chlorine can be sent into the 
chambers, without raising the partially formed 
bleaehing-powder to too high a temperature ; and 
this depends chiclly on the degree of dilution of the 
chlorine. The one of the two processes referred to 
by Mr. Stuart which M. Pechiney and I believe to bo 
the most promising, is tho oxychloride of magnesium 
process. It presented a good many practical dilii- 
cultios at first; but, thanks to M. Pechiney, and to 
the engineer of Salindres, M. I’oulouvnrd (tho 
inventor of a very successful form of tho ammonia 
soda process), I beliovo they may all be regarded ns 
having now been overcome. The whole of the oxy¬ 
gen of tile air employed can be. made to react on tho 
magnesium oxychloride, but it is better to work so 
that only about half of it shall react. 

13iiniingfjam anD a^iDlanti Section. 

Chairman : Alexander At. CImnce. 

I'ice-Chainnun: W, A. Tildun. 

Com mitlec: 

ft. S. Albright. (-'. O’Sullivan. 

Horace T. Itrown. 1.. I’orcival. 

O. S. (’uh.hoii. It. I'uyton. 

.1. K. Chance. .1. It. Player. 

K. C. Clayton. C. T. ttyiler. 

1,. Ilonmlh. Cl. Shaw. 

(1, (lore. W. Southall. 

il. Jtoutlillchl, \V. A. Wlgglii. 

lion. Treasurer: diaries Hunt. 

ImcuI Secretary: . 

A. Hostocic till.!., 11. Tcinplo Sired. Ulrmlitghum. 
Notices of papers amt comtmiiilcallona for tho meetings, to 
ho seat to tho i.oenl Secretary. 






178 


THE JOURNAL OF THE SOCIETY OF CHEMICAL INDUSTRY. [Mnr.so.isss. 


Meeting held March .}, 1SSS. 


SIR. CHARLES' HUNT IX THE CHAIR. 


NEW AND LITTLE-KNOWN APPLICATIONS 
OF THE N1TROMETEK. 

BV ALFRED II. ALLEN. 

Doubtless many of the members of the Society of 
Chemical Industry arc in the habit of using the 
nitrometer, and if they have employed it for one 
particular purpose have probably been struck with 
its applicability to certain others which fall within the 
range of their requirements. Hence, lam prepared to 
find that most of the applications of the nitrometer 
which Iintcnd to refer to tJiiscvcninghavealrcady been 
made by individual members of the Society, and my 
excuse for bringing the matter forward must be the 
desirability of causing these applications made by 
individual members to come into more general use. 
Still, I believe I may claim that certain uses of the 
nitrometer to which I desire to call attention arc 
strictly novel and original. 

As long ago ns 18-17 (Phil. Mag. [3] xxx. 42(1), the 
late Walter Crum described a method of estimating 
the nitrates and analysing (inn cation, which consisted 
in passing up the nitrated substance, together with 
some water and sulphuric acid, into a graduated tube 
filled with mercury. The nitric oxide liberated in 
the reaction was subsequently absorbed by a strong 
solution of ferrous sulphate. The method of mani¬ 
pulation was greatly improved by Frankland and 
Armstrong in 18G8 ( Journ. Chcm. Hoc. xxi. 101), 
and recommended by them for the estimation of 
nitrates in miter. Their use of a tubo open at one 
end and closed at the other by a tap surmounted by 
ft cup greatly facilitated the introduction of the 
nitrate and acid. This apparatus, which may be 
called the Frankland-Armstrong tube, would have 
come into more general use had the agitation of the 
lighter liquids with the mercury been more easy to 
effect, but the accuracy of the results yielded by it 
have been fully proved by Mr. 11. Warington (Journ. 
Chan. Hoc., xxxv. 370), who also found that the 
presence of chlorides did not interfere to any notable 
extent with the amount of gas obtained. 

Mr. G. E. Davis states that the idea of applying 
tho mercury process to the assay of nitrous vitriol 
was suggested to him by Dr. John 'Watts in 1872; 
and, in a paper read before the Faraday Club on 
January 22nd, 1878, Mr. Davis fully described the 
use of the l’ranklnnd tube for the assay of vitriol, 
which tube he used in connection with a mercurial 
trough. In February, 1878, Mr. Davis informs mo 
that ho connected Frnnkland’s tube to a piece of 
combustion tube by means of india-rubber tubing, 
and used the two side by side in a burette-stand. 
This arrangement constituted the first form of the 
instrument wo now call the nitrometer. 

The name “nitrometer” is due to Dr. Lunge, who 
in 1878 published and illustrated a description of his 
instrument (Berlin Jkrichlc, xi, 430; J) ingle Js 1‘ohjt. 
Journ a. 228, page 447; Chan. Nem, xxxviii. IP). 

To Dr. Lunge, then, belongs tho credit of tho first 
published description of the nitrometer, but the 
same instrument appears to have been devised inde¬ 
pendently at a somewhat later date by Mr. Campbell, 
then of tho Hcbburn Chemical Works. 

Lunge's nitrometer possessed one decided im¬ 
provement in tho uso of a three-way tap, which 
arrangementappenrsto havo been adopted from llunto’s 
gas apparatus. When. tho nitrometer is employed 
for tho estimation of nitrates, or the assay of nitrous 
vitriol, the three-way tap greatly facilitates the 


removal of tho acid liquid at tho end of an experi¬ 
ment, without necessitating tho complete emptying 
of the nitrometer. Later on I propose to show that 
tho nitrometer furnished with a three-way tap lias 
such important uses and advantages of its own, that 
it almost deserves to rank as a distinct piece, of 
apparatus. 

As ordinarily employed, the nitrometer-stand is so 
arranged that tho open or rcservoir-tubo must be 
removed from its position and brought into eloso 
proximity to the graduated tube, before the measure 
of gas in the latter can be read oil - , and it is there¬ 
fore an advantage to have the stand so constructed 
that the closed and open tubes of the apparatus, which 
I pro]lose hereafter to refer to as the “nitrometer” 
and “reservoir” tubes respectively, should be in eloso 
proximity. 

Another inconvenience attending the use of the 
nitrometer is the persistent mercurial froth which 
remains after the completion of the reaction, ami 
prevents the reading of the level of the mercury in 
the nitrometer tubo from being taken without delay. 
When meat accuracy is not required, this may bo 
avoided by employing a tolerably wide tube; but, for 
ordinary purposes, it is preferable to adopt a plan 
suggested by me in a "paper on the estimation of 
nitrates by the nitrometer, published in 1880 
(A nalyst, v. p. 1S1). In that paper, Ipropuscd to make a 
mixture of sulphuric acid and water, in the same 
quantity and proportions as the acid and solution of 
nitrate arc employed in the nitrometer-tube, and to 
pour this mixture on the top of tho mercury in the 
reservoir-tube. Jt is then possible at once to bring 
the aqueous liquids in both tubes to the same level, 
and the incomplete separation of the mercury from 
the aqueous liquid becomes a matter of indifference. 
In the same paper. I proposed to mako an experi¬ 
ment with a second nitrometer, in which a definite 
amount of nitre was used. Jiy noting the volume of 
nitric oxide evolved in this apparatus, and comparing 
it with that obtained in the caso of the liquid of 
unknown composition, it becomes unnecessary to 
make any correction for pressure or temperature; 
and the standard quantity of gas, when once obtained, 
can bo kept in tho tube without alteration for any 
length of time. If this courso be pursued, it is 
desirable to keep a little strong sulphuric acid in the 
cup, to prevent any possibility of leaknge. 

before leaving the question of tho estimation of 
nitrates in the nitrometer, I may point out a source 
of error which appears not unfrequentiy to have been 
ignored. This is,, that strong sulphuric acid has a 
notable solvent power for nitric oxule, and hence the 
full amount of gas cannot bo obtained unless the 
sulphuric acid be diluted below that point at which 
its solvent power for nitric oxide becomes appreci¬ 
able. Warington and Thorpo both recommend that 
tho strong sulphuric acid and aqueous liquid should 
bear tho proportion of three measures to two, and my 
own experience is in favour of this condition. 

in experiments on nitrous vitriol, made by Mr. T. 
linyley at my request, to test the extent of tho error 
from absorption of nitric oxide, ho found that in the 
case of acid of a density of about FG2 tho extra gas 
obtained after further diluting tho acid was fully 
O'O ce. This source of error becomes more serious 
when stronger acid is employed, and is not im¬ 
probably the cause of tho low results obtained when 
an excessive puantity of acid is used for the assay of 
dynamite in tho nitrometer. 

For tho examination of dynamite and gun-cotton 
Lungo places about "35 gramme of tho sample in the 
cup of tho nitrometer, and dissolves it in Lee. of con¬ 
centrated sulphuric acid. Tho liquid is thou allowed 
to enter through the tap, and is agitated with tho 
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mercury in the usunl way. Probably better results 
would bo obtained if a few centimeters of water were 
added after the completion of the reaction. 

Hitherto all employers of the nitrometer appear to 
have regarded mercury as the only liquid with which 
tho instrument could bo filled, and of course this is 
actually tho case in the estimation of nitrates, since 
tho mercury itself takes part in the reaction. 

Por many purposes, however, the mercury can be 
conveniently replaced by a dense aqueous liquid, 
saturated brine being most generally suitable, and the 
following are some of the applications to which I 
liavo put the nitrometer when filled with such a 
liquid. 

The assay of spirit of nitrons ether and kindred 
preparations for the proportion of ethyl nitrite is a j 
problem which lias engaged the active attention of \ 
pharmaceutical chemists. Hitherto the processes for 
the purpose have not been very satisfactory, tho one 
giving results nearest to the truth being that of 
Eykman, which consists in treating the sample with 
a solution of ferrous sulphate and dilute sulphuric 
acid, heating the mixture, and collecting the nitric 
oxide gas evolved. Though the process is theo¬ 
retically perfect, there arc certain sources of error in 
practice, and the apparatus is somewhat complicated, 
and requires skill in management. Mr. D. 1!. Dolt 
has proposed to estimate ethyl nitrite by treating it 
with potassium iodide and dilute sulphuric acid, and 
estimating the amount of iodine set free by titration 
with a standard solution of sodium thiosulphate. 
The reaction which occurs in this process is expressed 
by the equation :— 

(C..U 5 )NOH- Id + ir,SO,=KlI.S0 4 -HC.If s )OI t +1 + NO. 

In making experimentson Dott’s method it occurred 
to me to measure the nitric oxide gas evolved, instead 
of titrating the iodine liborated, and as the reaction 
occurs completely and promptly at tho ordinary 
temperature, the nitrometer is an apparatus well 
suited for the purpose. I have now had a large 
experience in the process, which is best performed in 
the following maimer :—A nitrometer should bo filled 
with strong brine, and 5cc. of the sample to bo tested 
should then be placed in the cup of tho nitrometer, 
and allowed to enter through the tap, taking care 
that no air gets in at the samo time. About See. 
measure of a strong solution of potassium iodide is 
next allowed to enter, and this is followed by about 
fiec. of dilute sulphuric acid. EH'ervesccncc immedi¬ 
ately ensues, and, if the tubo bo vigorously agitated 
at intervals, the reaction incomplete in a few minutes, 
when the level of the liquid in the two limbs of the 
nitrometer is adjusted, and the volume of nitric oxide 
gas read off. There is no difliculty in confining the 
reaction to tho liquid in the upper part of the closed 
limb of tho nitrometer. The nitrometer motliod lias 
been proved to give very'good results with pure 
sodium nitrite, propared from silver nitrite, and 
employed in known amount, and may lie advan¬ 
tageously used for the assay of commercial nitrite of 
suditlui. With some specimens of sweet spirit of 
nitro a considerable volume of nitric oxide is pro¬ 
duced, and iodine liberated boforo adding the acid, 
tho reaction probably depending on tho presence of 
free acid in tho sample. Tho results obtained m the 
nitrometer are remnrkably constant, and tho method 
furnishes a very easy moans of assaying sweet spirit 
of nitro with considerable accuracy, which is further 
increased if a correction of I 'See. of NO bo mudo for 
solubility of tho gas. The process (Iocs not occupy 
tun minutes, including tho calculation, and actunlly 
measures tho nitrous compounds present in tho 
sample, instead of leaving their proportions to bo 


inferred from a more or Jess complex reaction, such 
ns the reduction of permanganate, etc. When strictly 
accurate results are not required, as is rarely tho caso 
in assaying such a preparation, the volume of gas 
need not be corrected for variations of pressure, 
temperature and tension of aqueous vapour, etc. lcc. 
of NO at the ordinary conditions of pressure and 
temperature corresponds to ’003184 gramme of ethyl 
nitrite,* and hence See. of samples of spirit of nitrous 
ether of reasonably good quality evolve from 25cc. to 
40cc. of nitric oxide* 

Another useful application of the nitrometer is for 
the estimation of nrea in its urine. For this purpose 
the tube is filled with brine as before, and 2cc. of the 
sample introduced through the tap. This is followed 
by 10cc. of the usual solution of brotnino in caustic 
soda.t before the bromised soda has time to sink 
through tiic brine it comes in contact with the urine, 
and the great bulk of the nitrogen gas is liberated. 
l!y now placing a clip on the india-rubber connecting- 
tube and agitating the contents of the nitrometer tubo 
vigorously, the reaction is completed, and tho volume 
of gas may bo road off. Not unfrequently the 
reading is delayed by the existence of froth on the 
surface of the liquid in tho closed tube, but this may 
bo instantaneously got rid of by introducing a few 
drops of alcohol through tho tap. In some respects 
it is preferable to bring the bromised soda and urine 
in contact with eacli other in a small bottle or flask 
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Fig. 1. 



FIG. 2. 


fitted with a perforated cork, and connected by 
narrow india-rubber tubing with the nose of tho 
three-way tap of a nitrometer filled with brine or 
water (Fig. 2). A nitrometer is much better for this 
purpose than tho device of a burette or graduated 
tubo immersed in a tall jar of water, as is employed 
by Dr. Squibb and others. 


* I hnvo had a special nitrometer (Fit,’. 1) constructed for mo 
for llio assay of nitrous etlior preparations. The graduated 
lube holds 50cc„ and tho cup is narrow and cylindrical, and 
has marks atfico.and lUoc. above tho tap. Tills arrangement 
renders the uso of a pipette or oilier soparato inonsui'liiK 
arrangement unnecessary, as Iho cun can i>o tilled to tho/ice, 
mark with tho sample, and IIiiib a dclluilo amount taken for 
the analysis. In tills easo a throe-way tap is of no advantage. 
Messrs, ihiblov and Preston, of High Street, Slioilleld, nro now 
prepared In supply these nitrometers to those desirous of 
employing tho process mentioned in tho text. Willi regard to 
I lie titration process of Mr. Itotl, if Iho treatment with 
potassium iodide ho olleetcd in nn open basin In iiresonco of 
air, as is reeoinmomlcd by him. tho amount of nllrlto found Is 
liablu to lio very Borioualy in error; but If air bo excluded, 
Jlott's motliod givos fair approximate results, somewhat in 
excess of tho truth. Tho process can bo ndTanhigoously 
employed on tho solution which has already boon decomposed 
wilh potassium iodide In tho nilromoior. Tho a brio oxide is 
allowed to escape Into the air, ami tho brown liquid is washed 
into a basin, nml at om-o titrated with dcidnormnl1 tluoHiilpljuto, 

I 100 KrnnunoH of cuuslio soda aro dissolved in 2£0co. oc 
water ami *J.'h:u. of bromine cautiously added to tho wclbeoolod 
liquid. In some respects It Is preferable> to dilute tho lOco. of 
lids solution with an uqual mcasuro of water beforo Intro* 
due lug it into tho nitrometer. 





180 


THE JOURNAL OF THE SOCIETY OF CHEMICAL INDUSTRY. tfinr. so, mbs. 


The last arrangement is well suited for the estima¬ 
tion of carbonates , the samplo being placed in the 
flask, and the acid for its decomposition contained in 
a small tube in tho usual way. This amounts to a 
suggestion to employ a nitrometer in place of the 
measuring LubesotScheibler’s carbonic acid apparatus. 
Of course the usual corrections for solubility of tho 
gas in tho acid li'iuid, etc., apply as much in one case 
as in the other. 

Tho nitrometer limy also be very conveniently used 
for the assay of commercial peroxide of )iiplroijcn , for 
which it was first employed by Mr. G. E. Davis, who 
filled the nitrometer with mercury and operated on 
lcc. of the sample, which he agitated with ficc. of 
a saturated solution of potassium bichromate. Under 
these circumstances Mr. Davis found the peroxide of 
hydrogen to be split up into water and oxygen, the 
bichromate remaining unchanged, and this observa¬ 
tion has been subsequently confirmed by Mr. \V. 11. 
■Symons. It is usual to express the strength of per¬ 
oxide of hydrogen in terms of volumes of oxygen 
obtainable therefrom, and hence the nitrometer is 
well suited for its assay. 

According to my own experience, the reaction of 
bichromate of potassium on peroxide of hydrogen 
does not occur so promptly or completely as could be 
wished, and 1 have therefore substituted for it an 
acidulated solution of permanganate of potassium. 
I prefer to operate as follows :— 

The nitrometer is filled with a saturated solution of 
sodium or magnesium sulphate.* fee. of flic sample 
is then introduced through the tap, and this is 
followed by a strong solution of potassium perman¬ 
ganate, which has been previously acidulated with 
sulphuric acid. The reaction occurs very promptly, 
and the permanent coloration of the contents of 
tho tube sulliccs to show that an excess of the 
permanganate has been employed. When acidulated 
permanganate is used the reaction is as follows 

2KMiiUi + 5II s Oj+»II s SU4=K.SO,+2MiiSO,+ 
SILO + 0U.,.' 

Mr. Kingzett and these chemists have indepen¬ 
dently proved the truth of the equation by 
adding standard permanganate to hydrogen peroxide 
(in-presence of free acid) contained in a WoulH'o’s 
bottle arranged so that the evolved oxygen could 
be collected and measured. The accuracy of the 
results obtained by permanganate was checked by 
estimating tho iodine liberated by tho hydroxyl 
from potassium iodide. Hence, when acidulated 
permanganate is employed for decomposing hydroxyl, 
only one-half of the oxygon gas liberated comes 
from the samples, the other half being derived 
from the re-agent. Therefore, lcc. of a sample of 
peroxide of hydrogen, described as of “10 volumes 
strength,” ought to give 20ee. of oxygen in the nitro¬ 
meter. If an acidulated solution of potassium 
bichromate be substituted for the permanganate the 
reaction occurs very promptly, a double volume of 
oxygen being evolved, but for some unexplained 
reason the results aro sensibly lower than thoso 
obtained with permanganate. 

While the nitrometer is frequently used us an 
instrument in which to evolve ami measure gas, it 
has not met with such a wide application as it 
deserves for tile purpose of nbsorbin;/ gases.,. I Jut, as 
a matter of fact, by the aid of two of Lung&'.nilro- 
nicters, having their three-way taps joined by a short 
piece of india-rubber tubing, we can oxtemporiso an 
apparatus for gas analysis cnpablo of a variety of 
applications. This is. practically done by Route in 

* It briiio bo used tlicro is n lemloiicy lo error from tlio 
evolution of chlorine. 


I his gas apparatus, but, curiously enough, in tho 
! method of working lie prescribes, he makes littlo or 
no use of his cup, preferring to introduce his re-agents 
by a somewhat complicated manipulation through a 
ta]i at tho bottom of the nitrometer. Jn Elliott’s gas 
apparatus full use is made of the cup arrangement, 
but instead of employing a three-way tap, Elliott uses 
a special arrangement for transferring the gas to the 
measuring tube. 

Having not unfrequcntly to make analyses of blast¬ 
furnace and Siemens gases for technical purposes, the 
importance of having a rapid and moderately ncouratc 
method of gas analysis has forced itself on my 
j attention, with the result that 1 have devised a very 
simple apparatus, combining the various advantages 
of the instruments of Stead, JJunlc and Elliott. The 
following is a description of the apparatus in its sim¬ 
plest form. 

The measuring tube A (Fig. 8) ends at the lop in a 
capillary lube bent at right angles, and furnished 
with a tap E. Two platinum wires are scaled into 
the upper part for passing an electric spark when re¬ 
quired. Tho lower end of the tube is drawn out and 
attached by india-rubber to a T-piece, by which it is 
connected to the parallel open tube R and to tho 
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reservoir D. In cases where the apparatus is to bo 
used with mercury, the vessel 1) should bo replaced 
by a reservoir sliding in vertical grooves, and nd- 
jnstiblc by means of a pulley. The tubes A and R 
are enclosed in a glass cylinder, which is filled with 
water, the temperature of which is usually found in 
practice to remain constant during tho whole time 
required for a gas analysis. The capillary tube at tho 
lop of A is connected by a few inches of narrow 
india-rubber tubing with the three-way tap of a 
nitrometer. Tho nitroinetcr-tubo I prefer to employ 
has a globular enlargement just below the tap, and is 
furnished at the bottom with two taps L and M, by 
the latter of which it is connected with a reservoir 
of water N. A Lunge’s nitrometer can be used ns a 
makeshift for the special* tube shown in the diagram, 
clips being substituted for the taps at tho bottom. 
The apparatus can be worked equally well with either 
mercury or water, but to avoid repetition, I will 
describe the manipulation when water is used*, and 
assume the gas to bo analysed to bo a mixture CO;, 
CO, OIL, Chili, 0, If, and N. 

before commencing an operation the nitrometer is 
detached from the measuring tube, the tube E is 
oponed and the reservoir D raised, so as to drive out 
tho whole of tho air from the measuring tube, and its 
capillary continuation 12 is then closed, the reservoir 
lowered, attachment made with a rceejitnclo contain¬ 
ing tho gas to be analysed, when, on the tap 12 being 
re-opened, tho gas flows into the measuring tubo. 12 
is closed and tho height of tho reservoir D adjusted 
until tho water in A and R stands at tho saino’ level. 
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Tim measure of tlm gas taken for an experiment is 
then read oil', and the temperature of the surrounding 
water and height of the barometer observed. As tlm 
gas only comes in contact with the water for a short 
time, and is not agitated with it, only a very trilling 
loss of GO; by absorption will occur, and this may 
be further diminished by employing strong'brine 
instead of water. The nitrometer is now filled with 
water, some water being also placed in the cup, and the 
three-way-tan is opened so as to allow the india- 
rubber tube F to become Idled with water, and while 
this is dropping connection is made with the capillary 
tube of the measuring vessel. The three-way-tap is 
then turned so as to open a communication between 
A and K, the lap Jl closed and L opened, when the 
gas will flow from A into K. A few drops of water 
from A are allowed to follow llio gas. E is then 
closed, some of a concentrated solution of caustic 
potash poured into the cup, and the three-way-tup 
opened so as to allow the liquid to llow into the 
nitrometer, when L is closed. The globular enlarge¬ 
ment at K, an arrangement for which J am indebted 
to Ur. A. II. Elliott, causes the solution to spread as 
a thin film over tbu surface of tho glass, and insures 
rapid and perfect absorption of the CO;. In this way 
the minimum quantity of the reagent can bo em¬ 
ployed. I ’radical ly, absorption is known to bo com¬ 
plete by no more reagent being sucked in from the 
cup, and my experience shows me that the reaction 
is almost instantaneous. If, however, any doubt 
exist on this point, all the taps should be closed, 
and tlie nitrometer detached and shaken up. The 
tap M is then re-opened, connection again made 
between K and A, and the residual gas driven back 
to the measuring vessel, where its volume is observed, 
tho decrease of course being duo to CO; absorbed. 
The whole manipulation is extremely simple, re¬ 
quiring only a few minutes up to this point. For the 
absorption of the other gases the same series of 
manipulations is required, but before proceeding to 
the next step it is necessary to remove the potash 
solution from the nitrometer. E being closed this is 
done by turning the three-way tap so as to establish 
communication between II and K. M is closed and 
Li opened, and water poured into the cup until the 
nitrometer is thorouglily flushed out. Then on turn¬ 
ing the three-way tap so as to make communication 
between K and A, and opening E, the gas is again 
drawn into the nitrometer and is ready for further 
treatment in the following order :— 

a. The CO; having already been absorbed by a 
strong solution of potash ; 

h. A saturated solution of bromine in bromide of 
potassium is introduced to absorb tho hydrocarbons 
of the ctliyleuo series. 

c. A littlo potash is allowed to enter to absorb any 
bromine vapour, and the free oxygen is I lien absorbed 
by nil alkaline solution of pyrogallio acid. 

if. The nitrometer haring been flushed, the carbonic 
oxido is absorbed by a strong solution of cuprous 
chloride in hydrochloric acid. The absorption occurs 
with great facility, and on then running in water 
through the tail any hydrochloric acid vapour is 
readily absorbed at the sumo time that the cuprous 
solution is washed out. 

This completes tho possibility of analysis by ab¬ 
sorption, and hence tho next step is to add oxygen 
to the residual gas, pass an electric spark, and nolo 
the contraction and amount of CO; formed in tho 
usual way, which observations give data for cal¬ 
culating the proportions of hydrogen, nmr.sh-gns, and 
nitrogen. Tho measuring tube, parallel tube, and 
reservoir nro practically idouticnl with Stead’s 
arrangement. Tho method of introducing and using 


the re-ngents and the employment of the globular 
enlargement are due to Elliott. 

Of course strictly accurate results are not obtain¬ 
able if water be employed in the measuring tube, but 
the error due to this cause may be reduced so as in 
many eases to be practically insignificant if brine be 
employed instead of water in this part of the ap¬ 
paratus.* 

It is possible to conceivo a still simpler form of 
apparatus by which useful rough analysis of gases 
might be made. This would be to dispense altogether 
with the separate measuring tube, and have tho 
nitrometer graduated and furnished with platinum 
wires. 

1’crimpsthere isnochcinical operation more ditlicult 
to describe than that of the manipulation with an 
instrument for the analysis of gases, but in practice 
the mode of using the apparatus in question will bo 
found exceedingly simple, and to anyone in tho habit 
of working with gases means will readily suggest 
themselves for increasing tho accuracy of the results. 
These precautions I have purposely omitted, as I 
have nothing new to say upon them, and my object 
in bringing the apparatus before the Society of 
Chemical Industry is to call the attention of its 
members to a ready means of making technical 
analyses of gases with a reasonable approach to 
accuracy, and not to attempt to replace what I may 
call the standard methods of gas manipulation 
familiar to all scicnlilic chemists. 



In conclusion, I may call your attention to some 
qualitative applications of the nitrometer with a 
three-way tup, which instrument furnishes an ex¬ 
tremely ready means of obtaining certain gases in a 
state of purity. For instance, if tho lower end of a 
Lunge’s nitrometer tubo be cut oil’ mid tho opening 
closed with -a perforated cork fitted with a'1-piece, 
one branch of which is closed by a clip and tho other 
communicates with tho reservoir, we have a con¬ 
venient apparatus for generating at will small quan¬ 
tities of such gases as can be readily evolved without 
application of heat (Fig. -1). Thus, for example, if 
some granulated zinc bo placed in the nitrometer 
and tho instrument filled with water, on allowing acid 
to enter through the cup hydrogen perfectly freo from 
air will be evolved, and can bo utilised in any manner 
desired by opening tho three-way tap, to which a 
pieco of india-rubber tubing has previously been 
attached. The T-piccc at llio bottom enables tho 
dense solution of zinc to bo lapped off when desired, 
and so tho apparatus can always ho kept full of 
hydrogen and in order for uso. For small quantities 
of sulphuretted hydrogen the apparatus is also well 


• l tlm! I hut lOflcc. of stroiiy brlno at tho ordinary tempera- 
luro dlsaolvo 21) 0 co. of CO,, whereas pure water would dta- 
so Wo about lOOce. Jlcaara, Cubloy & Preston aro prepared to 
supply the apparatus for yaa analyala described in the toxt. 
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adapted, aiul by means of the T-picce any choking 
ii]) by ferrous sulphate can bo wholly avoided. Cnr- 
bon-dioxido also can readily be generated in the nitro¬ 
meter tube, and if a small quantity of oxygen be 
required, as, for instance, in a gas-analysis, it can be 
obtained instantaneously and in a state of purity by 
the reaction between acidulated permanganate and 
peroxide of hydrogen. 

It is the three-way tap which renders the nitro¬ 
meter suitable for a large number of the purposes 
suggested. 

in conducting the numerous experiments of which 
this paper is the outcome, I have been greatly aided 
by Mr. J. II. Worrall, -to whom my best thanks are 
due. 

DISCUSSION. 

Professor Tildes : I think Mr. Allen is to be con¬ 
gratulated on the useful test lie has introduced for 
determining the amount of nitrite in “sweet spirit 
of nitre,” and I think pharmacists will be glad to 
avail themselves of it. In some earlier experiments 
of mine, I endeavoured to make use of the well- 
known decomposition of urea by nitrous acid, 
which results in the evolution of the whole 
of tho nitrogen of the nitrite together with 
the nitrogen and carbonic acid from the urea. 
The relatively large volume of gas thus obtained 
makes the estimation of small quantities of nitrite 
possible, and increases the accuracy of the deter¬ 
minations. I venture to suggest to Mr. Allen that 
he should try this re-action. I feel tempted to 
criticise the process of gas analysis we have just see n 
illustrated, but I presume it is not expected to yield 
accurate results, and would be used only for technical 
and comparatively rough purposes. Its most serious 
defect appears to be the very large bulk of the liquid 
re-agents which is used. 

Mr. St.vvei.ey : I should like to ask Mr. Allen if 
he has lmd any experience in the determination of 
the benzene present in illuminating gas. This has 
now become a very important point in the gas 
industry, and especially in tho industries which have 
recently been started for tho obtaining of benzene ns 
the principal product in carbonising coal. There 
have only been two or three analyses of coal gas 
published in which benzene has been given. One 
was by Bunsen, mid lie gave about 1'33, and the 
other by Berthollet, of Paris gas, in which ho gave a 
very large quantity, amounting to 3i or-1 per cent, of 
benzene. It ls.very desirable tlmt we should have an 
exact method of determining this. I believe the 
method Bunsen followed was to absorb the paraflins 
by bromine water, and the benzene by fuming sul¬ 
phuric acid. 

REPLY. 

In reply, Mr Allen said : With regard to the 
estimation of urea, the production of the apparatus 
just shown was an illustration of tho remurk with 
which I commenced my paper—namely, that various 
modifications of flic uitromoterhad doubtlcsssuggested 
themselves to individual chemists. I liavo tried the 
re-actiou suggested by Dr. Tilden, for tho assay of 
nitrites by treatment with urea, but certainly did not 
obtain encouraging results, the re-action being too 
slow. This, however, may have been due to my using 
an insuilicicnt quantity of ncid. But tho fact that 
tho gas evolved would bo u mixture of nitrogen and 
carbonic ncid, would, in my opinion, bo a dis¬ 
advantage, ns it would always necessitate operating 
over mercury, and lienco would do away with 
the advantages obtained by substituting brine. 
Respecting tho remarks of Dr. Tilden, as to the 


loss of solublo gases in working the gas appa¬ 
ratus, I may point out that agitation, under the 
conditions described, enables one to use the mini¬ 
mum quantity of each re-agent requisite for com¬ 
plete absorption. Literally, to cll’cct the same 
set of absorptions with Stead’s arrangement, tho 
gas would have to be brought in contact with not 
less than 300 or -100 centimetres of liquid. Unless, 
therefore, we revert to Bunsen’s method of absorption 
by solid re-agents, the mode of manipulation described 
by me seems the most free from objection. With 
icgard to the question about the estimation of ben- 
zeno in coal-gas, I am sorry I am nimble to give a 
definite reply, but would suggest that some method, 
based on the absorption of benzene and its homologues 
by fuming nitric ncid, would probably be found to 
answer 
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PROFESSOR FERGUSON IN THE CHAIR. 


ON THE PROCESSES EMPLOYED IN ITALY 
FOR THE EXTRACTION OF OILS, ETC., 
FROM BITUMINOUS ROOKS IN THAT 
COUNTRY. 

1«Y Jilt. JAMES JlUltitlE. 

Italian Bituminous Deposits. —The Italians, 
during the past generation, have, ns you are no 
doubt aware, been making strenuous exertions to 
develop their internal resources and to occupy n 
prominent position in the commercial world. So far 
they have made a most rapid advance in manufac¬ 
turing for their own icouiiements, and the public 
and commercial undertakings initiated and carried 
out during this period will compare favourably with 
the advancement made by any other civilised nation. 

These results arc mainly due to tho enlightened 
and far-seeing legislation ot their Government, which, 
while aiming at making Italy ono of the most 
tolerant and free countries in the world, have held 
out every inducement and facility to foreigners to 
embark in their undertakings, or to initiate and 
develop industries under tlie surveillance mid direc¬ 
tion of I heir own employes, irrespective of nationality, 
lienco a very great proportion of the works carried 
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on lmve been begun and conducted by imported skill 
and capital ; ami it may be added that it lias been 
tile heavy taxation on this saino capital which lias ] 
been mainly instrumental in placing Italy in fts 
present sound financial position. 

Unfortunately for the continued prosperity of the 
country, it lacks one of the most important agents by ! 
which its almost illimitable mineral wealth can he 
made the most of—namely, a coal-bed. Although 
possessed of a considerable number of carbonaceous 
deposits, mainly in the form of lignites, these 
nro cither too poor in heating properties, or too 
limited in quantity to compete with imported sea 
coal, the cost of which is a heavy tax on the 
finished products of manufacture. The Italian Gov¬ 
ernment, fully alive to the importance of having 
reliable data on the various mining operations 
carried on, liavo established a corps of engineers, 
having headquarters in the principal centres, whose 
duly it is to examino and report on any new bed of 
mineral, and to give an abstract of the processes in 
operation. The result is embodied in an annual 
report, which is published in book form and contains 
a fairly accurate synopsis of the work done and in 
progress.. To those interested in this department of 
Italian industry the report in question forms an 
excellent reference. 

Apart from this, there arc a considerable number 
of foreign adventurers or explorers in the country, 
who are keenly alive to the value of any discovery of 
any new field of mineral capable of being turned to 
account commercially, and who, in a majority of 
cases, aro the promoters or indirect means of floating 
new concerns, in connection with which it cannot 
be too well known that the country has been explored 
throughout by Government experts, and, besides, is 
peopled by a class who know tho valuo of commercial 
commodities ns well as tho passing or temporary 
resident. Any reported discovery cannot therefore 
be too well scrutinised, even although backed up by : 
scientific reports. 

Oil and bituminous indications do occur over n 
very wido area at different points throughout tho 
country, which have received more or less attention 
from those interested, and which has given rise to the 
popular belief that a belt of oil passes through tire 
Appcnnines in tho direction of Itoumanin, rising to 
the surface near Bucharest. This theory has received 
the support of several British geological experts, 
which, it true, and capable of being extracted on the 
American system, would undoubtedly proveagrent 
stimulus to Italian industry, and bo tho means of 
making Italy tho leading nation in the Mediterranean. 

The oil ami bituminous indications which have 
received the greatest share of attention nrc those found 
in a spur of the Appcnnines, known ns the Abruzzo, in 
the province of Cliicti, and about twenty miles 
inland from the town of Pescara, on the Adriatic. 
The locality can be determined by a reference to a ■ 
nmp ; an imaginary line, drawn between Mount Etna 
in Sicily and Mount Vesuvius at Naples, and con¬ 
tinued towards the Adriatic, will pass through the 
district in question, tho exact locality being about 
!)0 kilometres beyond Naples. 

Tho oil indications occur in tho form of a flux, or 
tarry, sandy mass, which exudes from the mountain 
side after heavy rains, nnd the bituminous indications 
in tho form of asphaltic rock, 'Tho asphaltic deposit 
I purpose describing more particularly, occurs in the 
slope of the mountain, dipping into tho southern 
side of the river Pescara, in the vicinity of the town 
of Sou Valentino. The minerals of tho district 
consist of broken limestone, sandstone, marl, and 
«lny,WI*umandlimestoiiowitliindicationsof.>ulp bur, 
and tho geological formation''appertains to tho eocene 


age. The bituminous rocks occur in two distinct 
forms—namely, a strictly asphaltic rock, consisting 
; of iimestono and earthy matter impregnated with 
bitumen, the bitumen acting as a cement in holding 
the body together j a bituminous stone resembling 
the American prairie oil-stone in appearance, the rock 
I in this case acting as a carrier of the bitumen. 

| The asphaltic rock is formed on the lower slopo 
of the mountain, rarely at a greater altitude than 
2000ft., and the oil-stone, or bituminous stone, 
invariably at a greater altitude. The asphaltic rock 
is strictly a superficial deposit, which occurs very 
irregularly, sometimes in isolated boulders of lime¬ 
stone, but more frequently in surface soil or thin 
sheets of nearly pure bitumen between the earthy 
soil and n lower bed of clay. In the case of limestone, 
the rock usually resembles a foliated clay, or rotten- 
stone, cemented together hy the bitumen, and in a 
few instances, nearly pure limestone uniformly satur¬ 
ated with the bitumen, the proportion rarely exceeding 
eleven per cent., and tho average about live per 
cent. 

The bituminous stone found at a higher altitude is 
more uniform in its nature, consisting of calcium 
and quartz, closely associated with each other, filled 
with myriads of microscopic cavities, which contain 
the bitumen. This deposit occurs in veins running 
parallel with one another in line with the slope of tho 
mountain ; the breadth of tho vein is very variable, 
in some cases 10ft., and in others—not one mile 
apart—100ft. Tho depth averages GOft, The pro¬ 
portion of bitumen is more uniform than in tho 
ower deposit, the averago being three nnd a half 
per cent. 

Manufacture of Pkoducts fko.ii Asphaltic 
Hock.— The asphaltic rock is, from its peculiar for¬ 
mation, specially adapted for asphaltic purposes; as 
such it has been fairly successful, and through the 
instrumentality of nn Ancona merchant, W. von 
Bremen, lias found its way to nearly every part of 
the globe. The process employed in its preparation 
corresponds to the kindred operation carried on in 
the neighbourhood in the preparation of mastic for 
I lavements.. Tho Italian process is essentially as 
followsThe rook on being quarried or excavated 
is conveyed to tho factory by means of donkeys, 
mules, and women, thence is broken up into pieces 
suitable for passing through the disintegrator or pul¬ 
veriser, converting the stone into a powder the con¬ 
sistency of finely ground sand, in which condition it 
flows into a revolving cauldron, maintained at a con¬ 
stant temperature of -100° F„ and is there mixed 
with a proportion of bitumen, tho percentage depend¬ 
ing on the quality of the rock, and the purpose to 
which it is to be adapted. For flooring nnd roofing 
purposes about 0% is usually added. 

After the mixture has been thoroughly agitated, 
the semi-viscid mass is run into moulds, not unlike 
| a cheese box; on cooling it hardens sufficiently 
to admit of handling in railway transit, when on 
reaching its destination nnd being prepared for use. 
it is again broken up, re-melted in small boilers, nnd 
spread over tho iluoring or pavement bed, trowel 
fashion. 

It forms a capital roofing material for a warm 
country; being a good non-conductor, it keeps tho 
chambers cool and refreshing in summer, and 
effectually excludes moisture from entering in win¬ 
ter. For flooring, again, it prevents damp, nnd being 
hard enough at the ordinary tcmperaluro to resist 
abrasion, answers well for many purposes wlicro a 
clean and dry iloor is nil important consideration. 
Its employment ns a pavement nnd cement for reser¬ 
voirs mid canals is too wall known to need repetition. 
In manufacturing paving bricks, tho semi-liquid 
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powder run from the revolving cauldron is conveyed 
to a hydraulic press, fitted with a series of recesses 
and dies to stamp the brick into the desired shape; the 
recesses are made to contain live or six times the 
capacity of the finished brick, a pressure of about 
two tons per square inch, applied gradually, being 
sufficient to givo the brick the necessary degree of 
hardness. A pavement formed of these blocks, made 
of a neat pattern, say having hexagonal faces, about 
6in. in diameter, and about 2Ain. thick, presents an 
exceedingly attractive and artistic appearance, and 
at the same time excels any other in durability and 
cleanness. The high cost of manufacture and heavy 
transport charge has prevented the introduction of 
tlicso bricks on any large scale, although often met 
with in the courtyards of the more important Con¬ 
tinental cities, particularly Venice, Romo, Florence 
and Paris. The moist atmosphere of London has 
prevented its introduction to any extent in that city. 


has proved so to several companies who have erected 
plant with the expectations of extracting the bitumen 
on the same line as employed elsewhere. This be- 
edmes apparent when we consider that to heat the 
asphaltic rock means inciting the cementing or 
adhesive body; the earthy matter or broken lime¬ 
stone having no longer any tendency to retain its 
rigidity crumbles up and subsides to the lower part 
of the vessel, forming a semi-viscid mass of bitumen, 
soil and gritty limestone, which can neither be 
strained or separated by mechanical means. While 
this tendency or action is serviceable in the prepara¬ 
tion of mastic, it renders the rock practically useless 
for the extraction of bitumen. 

The only material suited for the extraction of 
bitumen is the stone found at the higher altitudes, 
which, depending on the cementing property of tljc 
lime to retain its rigidity, can be heated to a com¬ 
paratively high temperature without disintegrating 



Fit;. I. 


It may bo added that the odour given of!' in melting 
and laying bituminous mastic is rather agreeable 
than otherwise, and forms a striking contrast to the 
coal-tar asphalto paving operations carried on in this 
country. 

Extraction or Bitumkn.— Olosoly associated 
with tho preparation of the mastic and forming a 
companion to it, is the extinction of the bitumen 
from the rock, either for mixing subsequently with 
tho asphaltic powder already described or for other 
purposes. The process at first sight seems to be a 
very simplo one, the mineral only having to be 
heated in a suitablo vessel to allow tho bitumen to 
liquefy when heated, and dcseoiid or How downwards 
through the mineral, escaping by a suitablo outlet 
ilaccd in tho lowest part ol tho chamber. In reality, 
lowovcr, tho operation is comparatively dillicuit, and 


The eiloot of heat on this stone—say, 300’ F.—leads 
to tho bitumen liquefying mid exuding from tho 
minute _ chambers or cavities in the form of a 
heavy liquid, having a jot black lustre, which on 
cooling solidities to the consistency of solid pitch. 
A higher heat—say •lOO” F.—converts part of tho 
bitumen into a semi-oil or tar, and at a still liiglior 
temperature decomposition begins. 

Several retorts have been devised for extracting 
tho bitumen from the asphaltic rock mid bituminous 
stone; thoso lor Irculing tlio former, it may bo staled, 
hnvo been failures, and noed not therefore bo do- 
scribed ; thoso retorts,again, which lmvo been dovised 
for treating the hard stono lmvo given more or loss 
satisfaction. Tho most common form is that shown 
in Fig. 1 and 1a, which essentially consists of wrought- 
iron cylinders about 7 foot long by 30in. internal 
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diameter, closed at one end, and placed in an oven 
with the open end slanting downwards, the angle 
being .just su/licicnt to nllow the bitumen to (low . 
towards the exit formed in the door. Two of these 
retorts are generally placed in ono oven, and several 
ovens in one bench. The fuel employed is the 
inferior quality of rock, anil the quantity consumed 
in the furnaces averages one half the quantity treated 
in the retorts. Each retort contains about 1-icwt. 
of rock, previously broken into pieces the size of a 
common brick, and the time taken for each charge 
averages six horn's. This form of retort answers 
fairly well for the bituminous stone, but has failed 
in extracting bitumen from the asphaltic rock, due 
to the gritty matters subsiding to the bottom of the 
retort and forming a barrier to the outward How of 
the liquid, which at the same time prevents the heat 
from penetrating to the interior, a higher heat to 


the bottom by a receiver resting on a trolly, and the 
spent rock subsequently tipped into a small wagon 
and removed to tho furnace by an inclined railway, 
suflicicnt cnrbonaceous matter remaining in the rock 
to admit of its utilisation in heating the retorts. 
Tho average working temperature is 350° F., and 
the time talccn to treat one charge about four hours. 
The bitumen obtained working with this form of 
retort is more pure and contains a less percentage of 
water than any other, and the labour in charging and 
firing is greatly reduced by tho mechanical devices 
employed. 

Oji.s. —In nearly all cases tho companies floated to 
work this mineral have made the extraction of oil 
their main point, the heavy duty on imported petro¬ 
leum, and the great annual consumption of oils for 
lighting purposes, proving a great attraction in a 
prospectus. Invariably, or nearly so, these reports 



Fig 1a. 



effect this causing the formation of a scale, which 
rapidly leads to tho destruction of tho retort. 

A belter designed retort is that of Mons. Routigny, 
shown in Fig. 2, which was awarded a silver medal 
at the Paris Exhibition. Tho retort is built in nil 
oven, vertically, its main characteristics being the 
arrangement for preserving tho interior of tho retort 
ut a uniform temperature; this is accomplished by 
having an inner vessel, resembling tho shell of the 
retort, but small onough to lit inside, a spneo being 
left between tho outside of the inner vessel and the 
inside of the outer shell, to permit a circulation of 
vapours in tho annular spaeo. 

Tho inner vessel contains tho rock to bo treated, 
and having its sides perforated, allows any vapours 
generated to pass into tho annular space referred to, 
and circulating betweon tho two walls, tends to pre¬ 
vent unequal heating. Tho bitumen is collected at 


begin as to the magnitude of tho deposit, citing somo 
well-known geological expert as tho authority, who, 
making a Hying visit through the valley, has allowed 
his imagination to outweigh his judgment; further, 
the ease with which tho mineral can be trented, tho 
heavy proportion of beautiful burning oil, and, dually, 
tho immense profits to bo made under the invariable 
judicious management. 

Tho number of companies who have actually 
erected plant to extract oil from the rock aro 
numerous,' and the amount of money sunk in tho 
ventures simply incredible, and with but ono issue— 
total failure and loss of tho capital. 

The operations luivo usually been commenced by nil 
attempt to distil tho oil from tho rock direct in 
horizontal retorts, in tho same way as tho Scotch 
slialo boforo tho introduction of tho verticals. Tho 
result lias boon failure, which will bo ovidont from 
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wlmt lias been said about extracting the bitumen, the 
tendency to form a scale in the retort being greatly 
intensified, which, no matter how carefully fired, 
rapidly leads to the destruction of tho retort, while 
the quantity of oil obtained after one or two charges 
dwindled clown to about one gallon per ton. The 
next process has been to extract the bitumen, and 
subsequently distil it in oil stills, which also has 
proved n costly process, tho bitumen containing a 
large proportion of water and foreign matter, render¬ 
ing its distillation by ordinary means a tedious 
operation and a failure financially ; the intermediate 
process adopted in this country by settlin'' the 
bitumen and allowing the heavier bodies to subside, 
being inapplicable, owing to the ebullition of the 
bitumen at the temperature necessary to ensure pre¬ 
cipitation. 


ultimate success was that initiated by the late Mr. 
William Maclvor—long connected with Young’s 
Company at Bathgate—which consisted in distilling 
the oil from the rock direct by moans of superheated 
steam applied internally. 

Mr. Maclvor, who had been appointed by a local 
company, some ten years previously in existence, to 
examino into their mineral and report on the best 
means of extracting marketable products therefrom, 
after making a number of experiments in extracting 
oil and bitumen, decided on trying the effect of 
passing a heated gas through a charge of rock in a 
small vertical retort, the gas being maintained at the 
temperature necessary to ensure distillation. Tho 
result showed that by employing steam superheated 
to a temperature of about (500° Fahr., a yield of about 
15 gallons per ton could be obtained in about ten 



Fic. 3. 


The first attempt made to treat the mineral by 
nieans of a vertical retort, with the view of extract¬ 
ing oil direct, was initiated by the Into Mr. George 
Bennie, the special retort designed to treat the 
mineral consisting of an arrangement analogous to 
tho “Bouligny” bitumen retort, the inner vessel 
being replaced bv vertical bars in the form of a 
wicker basket, 'the vapours were led oil - from tho 
top of thc rotort and condensed in a horizontal con¬ 
denser. Four retorts were placed in ono oven, and 
the time taken to distil ono chargo of rock averaged 
eight hours. This retort, although well adapted for 
some qualities of tho minerals, did not answer for tho 
asphaltic rock, tho bars after several months’ opera¬ 
tions requiring renewal. 

Several other forms of retorts were introduced, 
which, after trial, wore discarded ; lliero is no feature 
of novelty in their design which merits description. 

Tho only process attempted with any prospect of 


hours’ time; the retort containing about 1-lcwt, of 
mineral. On this basis plant was erected to treat 
about 200 tons of rock per week, consisting of six 
vertical retorts having a capacity of about three tons 
each. The general arrangement is shown in Fig. 3. 
Each retort had a superheater—Bennie’s 2in. size— 
nnd the steam was generated in a steam boiler 1 -Jft. 
long by 7ft, Gin. in diameter, multitubular type. The 
condenser consisted of the old stylo of verticals. Mr. 
Maclvor unfortunately did not livo to see his process 
carried into practice, and on this account it may not 
liavo recoived justice. Working the full bench of 
retorts, tho yield did not oxcecd livo gallons per ton, 
further workings showing that a fixed volume of 
superheated steam, at a temperature of about 000" 
Fahr., was necessary to ensure distillation of the oil. 
With tho boiler working at its full power, tho host 
result obtained was 12 gallons per ton, with three 
retorts at work, and tho timo taken for each charge, 
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twelve hours. The process so far was a total failure 
financially. The rock to begin with cost about 10s. 
per ton for mining and transport, and fuel over 20s. 
per ton for each ton of mineral treated, thus saddling 
the crude oil with a first charge of over 2s. Gd. per 
gallon, the market value of which was under Is. per 
gallon. The process, while capable of great modifica¬ 
tions, possessed several features which greatly added 
to the cost of operations, only a very small propor¬ 
tion of the heat in the steam was utilised, the greater 
proportion escaping in the form of latent heat, which 
again required a great volume of water to ensure 
condensation. Loss also occurred in the retort 
through having to raise the temperature of the rock 
to distilling point before any oil vapour could escape, 
tho action in the retort consisting of a series of 
condensations and distillations. 

At this stage an attempt was made to simplify 
the condensing arrangement by simply lowering the 
temperature of the steam issuing from the outlet pipe 
sufiiciontly to precipitate or condense the oil vapour 
without condensing the steam ; close observation 
sliowcd that the steam, nt a temperature of about 
300’ F., contained only an infinitesimal quantity of 
oil vapour, clearly proving that the mineral contained 
no light oils. A second modification was made by 
enclosing the retort in a jacket formed of bricks, the 
waste gases from the superheaters wjnding round the 
retort before entering the Hues. This alteration had 
the effect of reducing tho time of distillation 
to about eight hours, the full percentage of oil in the 
rock being obtained, the latter presenting tho appear¬ 
ance of having been bleached, and without any 
bituminous taint. Tho volume of steam necessary 
was also, in consequence, reduced about onc-thiid, 
and tlie purity of tho crude oil superior to that 
hitherto obtained. Further modifications were 
brought to a termination through tho discovery, at 
this time, that the company who were carrying on the 
operations had no moro asphaltic rock in their mines, 
the extent of which was supposed to be so great as 
to induce the company in question to expend from 
ir.0,000 to X'80,000 ill preparing to begin operations. 

This led to a more close examination of the 
formation of tho deposit, tho result of which is 
embodied in tho views given further on. The bitu- 
minous-stono in tho higher grounds was tested with 
the result that two benches of retorts were erected to 
extract the bitumen, which was subsequently distilled 
in the ordinary oil stills, the operation being greatly 
facilitated by adding a proportion of light oil to the 
bitumen in tno still; this had tho effect of cutting up 
or dissolving the semi-solid mnss very rapidly when 
heated, and thereby allowed the water vapour to 
ascend freely to tho surface, and escape without 
causing frothing or boiling over. 

The oil obtained from the distillation of the bitu¬ 
men differs greatly in its properties from any other 
known oil, its most marked characteristics being its 
unusual density, its freedom from ammonia, scale and 
spirit, or light oils. 

Ono thousand parts of bitumen distilled and 

rectified 

Yielded. 8|». nr. lVr cent. l’lutdi-polnt. 

JlurninK Oil . *850* . IflO . 

lulunnutUule ...... 'Illfi ........ 330 ........ 230 

LubHcmiutf . IWO . 103 . 315 

Tho oil obtained from the rock direct, by the super¬ 
heated steam process, had a density of about '!)8. r i. 
1000 parts of which yielded when distilled and 
rectified— 


Oil muior sp. gr. ’000 
Oil sp. «r. nus 

liilorimulltito up. gr. 'PIS 
Imbricating sp. gr. 'PM 


SO parts. 
ISO „ 

an 

iss ,, 


There are no bye-products. An attempt was made, 
with fnir success, to convert the spent rock into lime, 
the plan adopted consisting in storing the rock when 
just drawn from the retort in a mound, and allowed 
to burn. The residue consisted of a very pure lime, 
but tainted with a bituminous odour. 

So far as the manufacture of oil is concerned, tho 
duty on imported potroleum will never influence the 
production of burning oil from this asphaltic rock. 
The density is too great to enable its being employed 
in petroleum lamps ; the heavy percentage of sulphur 
compounds present also materially adds to the cost 
of refining, while its complete removal is lmrdly pos¬ 
sible even with careful treatment. The only use to 
which it can bo applied is in street lighting or light¬ 
house purposes, where special burners can be intro¬ 
duced for supplying the necessary quantity of air to 
ensure construction. Its high flash-point is one re¬ 
commendation which is moro than counterbalanced 
by the preponderating disadvantages. The interme¬ 
diate oil is only adapted for cleaning and mixing 
purposes, its body being equal to the Scotch '803 
intermediate. 

The lubricating oil makes a splendid lubricant when 
mixed with a percentage of vegetable or fatty oils ; 
its high density is not nn index of its viscosity, tho 
final distillate lias a body several times greater than 
tlie finest shale oil, but it loses this property very 
rapidly on being heated, at least in a much greater 
ratio than in any other known lubricant. Jt thus 
demolishes tho old saying met with in treatises nnd 
pamphlets on oils, that tlie density of a mineral oil is 
a safe criterion of its viscosity. 

Okkiix. —It becomes an interesting point to deduce 
from the formation of this mineral (lata to enable 
some notion being formed of its probable origin, and 
tlie bearing it lias on the supposed oil licit theory. 

It is self-evident that a relation exists between tho 
deposits of bituminous rock which linvo been de¬ 
scribed under tlie term of “ asphaltic rock,” and tlie 
harder material under “bituminous stone.” Tho 
lower deposit, I believe, has simply been formed 
through tho overflow of oil through a higher level; 
its association with limestone can be accounted for 
when wo consider tlie effect of an acid in solution on 
calcium carbonate ; the fact of clay forming a break 
in tlie downward descent of tho oil, likewise shows 
that tlie solution 1ms been diverted or prevented from 
penotratiug through non-absorbing■materia). 

Tho deposit also being superficial and in general 
mixed with broken limestone nnd boulders, demon¬ 
strates that the latter have found their way from a 
higher level at ft period antecedent to tlie oil over¬ 
flow. Then if the stone found at tho higher altitudes 
lie closely examined, some other way must account 
for its formation. Thu presence of quartz, and tho 
limo being tlie binding agent, would show that tho 
bitumen lias been deposited or secreted in the minute 
cavities by sumo other ngency than downward per¬ 
colation. I am inclined to necount for its origin by 
assuming that tlie vein at ono time formed a natural 
depression in tho mountain side, which had becomo 
partially silted up afterwards through some sub- 
ternnenu agency; tlie mountain was .subjected tohent, 
this heat noted on a bed of lignite, other carbonaceous 
material causing a distillation, tho vapours in ascend¬ 
ing found vent in this depression, tlie heavier vapours 
partially condensing, and tho moro volatile vapours 
escaping. It is possible, of course, that the bent 
acted on a rcservior of oil, perhaps this vein or belt of 
oil now believed to exist or pass through this 
identical spot; but to strengthen tho supposition that 
it was a solid carbonaceous body, a layer or bed of 
ligiuito crops out of tho mountain about twenty miles 
distant, and it is of course possible to have been a 
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continuation of the same strata. Even with oil, there 
seems to mo to be no more rational way of accounting 
for its presence than by assuming that a vast bed of 
carbonaceous material imbedded in the earth was 
subjected to heat, which causing contraction, would 
leave a space for the storage of oil and vapour, the 
rigidity of the earth at the depth preventing 
subsidence. 

Ill any case, unless the distilling action is still 
going on, the oil must, through long ages, have 
become reduced or exhausted; only a very small 
proportion could have been caught by the surface 
soil, the.greater volume would find its way into the 
rivers, and thence to the Adriatic. A close examina¬ 
tion of the river banks conlirmcd this view, and 
showed also that the period of tho overflow was 
comparatively limited, the indications being confined 
to one line or strip in the sides of the channel. To 
still further confirm this supposition, Cicero, in one 
of his histories, mentions, as a wonder or curiosity 
of the age, that the river A tennis flowed with blood. 
The Aternus here spoken of is the same river which 
Hows through the valley to the Adriatic, known now 
as the river Pescara, and it is very probable that 
what was supposed to be blood, was really the oil on 
its way to the sea. 

There is evidence in the local archives that oil was 
sent from the district to Rome, Venice, Turin and 
Milan for several centuries back. The oil being 
utilised for street lighting purposes, and the bitumen 
as a cement for water cisterns. Rut whether the oil 
was then distilled from the bitumen or consisted of 
the natural tar which exuded from the mountain 
side nftcr heavy rains, is a point I failed to find 
out. 

Tho indications of oil throughout the country hear 
a strong resemblance to each other in the low pro¬ 
portion of burning oil and tho similarity in pro¬ 
perties. 

No stronger indications exist in the country than 
those at the opposite angle of the depression, or basin, 
about seven miles distant, near a villago named 
Socco Casauria. At the present day a heavy black 
oil—sp. gr. ‘O.IO—exudes from tho mountain-sides after 
heavy rains, corresponding in its properties to the oil 
obtained from the asphaltic rock. Several attempts 
have been made to strike oil at this spot and in its 
vicinity, a great impetus having been given to specu¬ 
lation in this direction after the American oil wells 
were established, in 1803, an Italian gentleman, 
Maurizio Laschi by name, began operations on a 
small scale, and ultimately formed a French-Italian 
company, who erected a refinery and made four trial 
borings at two dillerent points in tho mountain-side, 
close to the outilow of oil. One well was sunk IMO 
feet, a second MO feet, and tho third and fourth 
about 000 feet each. Oil was obtained at dillerent 
levels, but in comparatively small quantity, ami 
insufficient to cover working expenses. The opera¬ 
tions were conducted by a company of Canadian 
borers under tho direction of tin Italian engineer, 
named Euphemio Itibighini. Tho altidudo of the 
ground where tho borings wore made was about 1020 
feet above sea level, so that they penetrated about 
30 feet beneath tho sea line. The following is the 
result of one distillation of tho oil:—* 

1000 parts ap. pr, "O.'iI j 
oil - MS 

Water - 20 
Kcslduum - 322 
Uua = 11 

Tho oncorun oil on being redistilled and refined gave 
the following fractionations 


Hotting Point. 

Propor¬ 

tion. 

Sp.Gr. 
60* l\ 

Y.V. 

Notes. 

Under 3.70* R 

*0033 

‘7S 

000 4 

CIcii r. 

.. ICO 

*007!) 

*71) 

12:1 

— 

no 

*0101 

•so 

150 

— 

.. 130 

•0002 

•si 

177 

— 

.. IIS 

'0078 

•S15 

183 

I’ale Yellow. 

I ICS 

’0017 

•S2 

20.1 

— 

.. ISO 

■0072 

•ss 

211 

- 

„ 500 

•0003 

■si 

221 

Yellow. 

.. 520 

•0002 

•&*» 

210 

— 

,» 570 

•001)3 

•80S 

273 

— 

Over 570 

•00113 

*S7f> 

2SI 

Grease. 

.. 570 

•0053 

•soo 

320 

— 

Itcuiduum. 

•ooss 

— 


Solid. 


The result of this spirited allenint to tap the 
supposed oil belt was a total failure ; tne pumps were 
kept at work for about 18 months, each being 
wrought in rotation to allow the remainder to 
recuiieratc ; even then the quantity of oil obtained 
barely covered cost of fuel and attendants’ wages. 

The oil was refined and employed in specially 
constructed lamps for street lighting, the sulphur 
compounds having been previously partially removed 
by a treatment with acetate of lead, and subsequent 
irolongcd heating in presence of caustic soda. Oil 
ins also been found nt other points in tho country, 
particularly in Ycghcro, near llivuimzzano, The oil 
corresponds in its properties to that already men¬ 
tioned, the densjty being a slindo less, but the odour 
much more disagreeable, duo to the presence of 
sulphuretted hydrogen. The density ol the oil at 
00' I’’, is •1)15, ami the result of treating 1000 parts is 
ns follows :— 


Hotting Pulnt. 

Propor¬ 

tion. 

Density. 

P. P. 

Notes. 

220* F. 

100 

•875 

05* R 

.SU-3IIU Oilour. 

230 

70 

•ss 

71 

Clear. 

210 

«) 

•so 

as 

.. 

230 

!I3 

•sis 

03 

„ 

200 

107 

•00 

I0S 


270 

SI 

•02 

111 

Yellow Tlno'e. 

2S0 

IIS 

ItiiS 

117 

Yellow. 

310 

121 

■ill 

115 

I. 

Aliovo 310 

112 

•sits 

15G 

Park Yellow, 

Do. 

53 

•05 

175 

G reuse. 

Hoslilmim. 

01 

■071 

200 

•Solid. 


I n concluding, it seems to mo that further attempts 
at boring for oil will prove both fruitless and unro- 
miinorntivo. Oil may hnvo existed in quantity nt one 
time ; hut all tho evidence points to the fact that it 
has been dissipated or dispersed, and it is the remains 
of tho past extensive distillations which is now 
scattered over the country. 
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DISCUSSION. 

Mr. Henderson : I understand tlmt Mr. Mnrrio 
attributes the formation of tlie.se bituminous deposits 
to what is really a case of natural destructive distilla¬ 
tion of a bed of lignite. 1 lave any traces of such a 
bed been discovered, or do the rocks in the neigh¬ 
bourhood of the deposit appear to have been subjected 
to such heating or motninorphisin as would be 
necessary to produce this alteration in the lignite ? 

Mr. Muill!IK : Thera is no superficial evidence of 
the rocks having been subjected to beat at a period 
corresponding to the time of the supposed oil dis¬ 
tillation or overllow. A packet of calcined clay was 
found in one of the veins of bituminous stone at an 
altitude of 2800 feet; but its presence could be 
accounted for in another way. Had it been possible 
to excavate the vein of bituminous stone ton sullicient 
depth, T believo evidence would have been obtained 
to determine with certainty the cause of the bitu¬ 
minous deposit. The bed of lignite, which cropped 
out in the snmo range, but about 2(1 miles distant, 
probably passed through the district; but the accu¬ 
mulation of d thrift from higher ground hid from view 
indications of this and other strata, which would, 
perhaps, have aided in arriving at more definite con¬ 
clusions. f understand Sign. Laschi, already referred 
to, started a factory in the vicinity of (Jivitn-Vccchia, 
with the viowof extracting oils from the lignite found 
in that district; but I do not know with what results. 
Tho oil 'obtained from tho beds of lignite on the 
Mediterranean side is too dense to be of value in com¬ 
peting with petroleum ; it is used for gas-making 
purposes, and mixing with American petroleum, for 
street lighting, where special lamps are employed. 
Tho more dense oil is refined and mixed with animal 
and vegetable oils for lubricating purposes, but on a 
very small scale. 


RESCIUmON OF A SERIES OF NEW Oil 
J,\lI’ltOVK!)TilEI1MOMHTKRS KOI!TAKINO 
11 mil TEMPERATURES. 

IIV SIR. JAMES 5IUIII!IK. 

At the January meeting, time did not permit my 
explaining more fully the principles embodied in 
these new temperature indicators, and the various 
details of their construction. 

Tho metal mercury, for well-known reasons, has 
been universally adopted as the best means of obtain¬ 
ing indications of variations of temperature, within 
certain limits—viz., the freezing and boiling points of 
the liquid. The freezing point does not require to bo 
considered in this case; and the boiling point under 
atmospheric pressuro is allowed to bo GG2° V., and 
near G00° in a vacuum. In the construction of an 
instrument such ns tho common mercurial thermo¬ 
meter, it is invariably tho custom to exclude atmos¬ 
pheric air from the inner pnrt of the instrument, the 
space reserved in the stem for the expansion of tho 
mercury boing a vnccuum, or nearly so. The upward 
limit of tho rango of tho indicator is tlmsbotwccn (100 
and GG2° F., depending on tho length of tho stein, and 
one or two minor conditions. It is evident that tho 
higher boiling point of tho mercury under ntmospheric 
pressuro is due to the increased resistance to ebulli¬ 
tion ; and, reasoning from this, it is ovident that by 
still further increasing tho resistance, a greater range 
of thcrmomctric readings can bo obtained. On this 
principle doponds tho action of tho inoro important 
of theso heat indicators, virtually boing an extension 
of tho ordinnry mercurial thermometer. 


The most simple means of increasing the resistance 
to ebullition is obviously tho utilisation of the great 
density of the liquid, m having a vertical column 
snfliciently long to give tho desired pressure on tho 
mercury in tho bulb. Another, and perhaps not moro 
difficult way, while it has the advantage of dispensing 
with the long stem, is in having an clastic fluid, such 
as nitrogen, in tho confined space above the mercury, 
either in the form of a bulb or clongited chamber, 
the quantity of the fluid being just sufiicient to resist 
tho expansive notion of the mercury, and thereby 
generate an opposite pressure, which is the direct 
means of raising the boiling point. The glass would, 
of course, not be adapted for comparatively high 
temperatures, although suited, if the thermometer be 
carefully constructed, to indicate temperatures to 
7S0” F. Tho instrument f have had in use for nearly 
two months, indicated to 72S 1 ', and so far shows no 
sign of alteration. 

For higher temperatures glass would either have 
to be discarded or some means taken to preserve the 
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bulb from becoming onlargcd or bulging outwards 
under pressuro. Fig. 1 shows ono means wlicroby 
such an nrrnngomont is ndopted, and a glass thormo- 
metor, mado to indieato temperatures to 850° F. It 
consists in enveloping tho thermometer proper in nn 
outer jacket, formed of two tubes connected near tho 
centre. Tho bottom tube may bo of iron to with¬ 
stand tho action of tho heat, and tho top tube of 
glass to onablo tho movements of tho mercury in tho 
inner stem boing seen. Tho annular spneo is filled 
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with mercury in tbo bottom part, and a neutral 
elastic fluid in tlio top of tho chamber, which is in 
communication with the thermometer stem. The 
mercury in the annular space on being heated ex¬ 
pands, compresses the elastic fluid in the top part, 
and at the same time creates an internal pressure 
equal to and corresponding to tho pressure tending 
to cause distortion, or in other words the outward 
and inward pressures being equal there is no tendency 
to alter the form of tho central thermometer. The 




glass is maintained in position by a fluted washer, 
mado to embrace tho body of tho stem. This plan 
may bo applied to tho ordinary thermometers, thereby 
removing the complaint about tho zero point not 
remaining constant, whon tho instruinont was in con¬ 
stant contact with tho heated body. 

For temperatures abovo 850° F., it is prcforaldo 
having tho bulb mado of iron or steel, ns shown in 
Fig. Si, designed to indiealo teniporatnres up to 
1000° F. This instrument is but a modification of 


the ono described at tho January meeting, tho elastic 
fluid in this case being nitrogen. The indicator tube 
containing the elastic fluid has a fixed relation to tho 
capacity of tho bulb, tho aim being to generate 
sufficient pressure to provent ebullition without un¬ 
necessary strain on tho apparatus. By arranging tho 
boro of the tube to contain the necessary volume, 
and having a clear daylight of 11 in., each inch exactly 
corresponds to a range of 100" F., the temperature at 
1000“ F. corresponding to lOin. on the glass. The 



bulb is protected from distortion by an arrangoinont 
analogous to tho moro dolicato instrument shown on 
Fig. 1. In this case tho bulb alono is jacketed, tho 
annular spuco being partially filled with mercury, tho 
saturated vapour of which gives tho pressure cor¬ 
responding to that in the minor bulb. Tho inner or 
bulb proper is thus freo fiom all tendency to dis¬ 
tortion. This form of instrument lias been most 
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severely tested to ascertain tlio effect of heat and 
mercury combined oil the bulb, and so far lias given 
satisfaction. There are a variety of modifications of 
tliia form which do not require special notice, some j 
of which will at once occur to you, such ns employing \ 
the saturated vapour of ammonia or carbonic acid in 
tlic upper chamber. The foregoing apparatus arc 
mainly intended to take indications of temperature 
with comparative rapidity’. The mercury only having 
to absorb a specific quantity of heat, no time is taken 
up in generating vapour. 

Where the instrument is a fixture, as in the case of 
nil oil still, a rapid indication is of less importance, 
the temperature of the gases in the vessel taking sonic 
time to vary, allows the apparatus time to accommo¬ 
date itself to the new conditions. In such cases the 
apparatus may be constructed in ft slightly different 
way. The mercury may be maintained in a liquid 
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became evident that some other gauge than the 
Bourdon would have to be adopted if aceurato 
indications were to be obtained. The spring of the 
gauge when subjected to a comparatively low heat, 
cither lost its elasticity or the expansion of the spring 
wus magnified through the rack and pinion arrange¬ 
ment. For indicating pressures in stenm boilers, the 
Bourdon may be fairly accurate, but it is not adapted 
for laboratory work, where extreme accuracy is 
essential. The sketch (Fig. 4) shows a pressure gauge 
designed us an adjunct to the thermometers, and 
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condition by tlio pressure of its own vapour, gonernted 
in and confined to tho bulb, this pressure being 
measured by a pressure gauge. _ The arrangement is 
really based on tho same principle ns SclmoU’er's 
Tension Thermometer, only the means of carrying 
out tho principle differ very materially. Hero it is 
tho bulb alone which is heated, or brought in contact 
with tlio heated body. Any vapour generated cannot 
escape from tho bulb, the pressuro of which is 
communicated to tho gauge by a column filled with 
mercury. This arrangement is shown in Fig. fl. 

Fig. :t, it may be added, is a combination ot tho two 
irinciples, tho expansion of tho mercury being shown 
>y a transparent gloss tube forming u continuation of 
tho stem, and tho pressure of tho saturated vapour 
measured by a Bourdon or own form of gaugo. In 
determining the pressures of the different vapours, it 


Fig. 5. Fig- 0. 

which promises to compote with any metal spring 
gauge, having tho advantage in cost, accuracy and 
sensitiveness. It consists of a glass tube scaled at one 
end, and having its terminal widely separated by tlio 
device of employing a bulb on tho extremity of tho 
tube. This tubo is filled with an clastic fluid, and its 
open end dipping into a vessel filled with an opaquo 
liquid. Surrounding this central vessel is an outer 
chamber, nnd tho annular spaeo filled with a trans¬ 
parent liquid. Tho instrument on being connected 
to tho generator, and the valve opened has its contents 
subjected to hydrostatic pressure, which compresses 
tlio elastic fluid in tho central vessel to tlio extent 
shown by tho nscont of tlio opaquo liquid, tho pressure 
oxisting in the generator being shown by an indicator 
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fixed on the outer easing of the gauge.. In practice 
tho instrument has answered well for high pressures, 
and it lias been and is being fitted on steam boilers 
with satisfactory results. 

Figs. 5 and li illustrate this form of instrument, 
with ono of these pressure-gauges attached. The 
bulb can bo filled with nny tluid which will not act 
on the mercury or metal forming the bulb, and the 
pressure of the saturated vapour measured by any 
known gauge, due allowance being made for the 
pressure caused by the column of mercury in tho 
stem. Working with mercury alone, temperatures 
ranging to 1400" F. can be indicated. 
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Another form of apparatus, specially designed for 
temperatures approaching 2000° F., is that shown in 
Fig. 7, which is practically a gns thermometer, but 
possessing ono or two features of its own. The gas 
is maintained at a constant volume in a steel casing or 
bulb of high melting point, and tho pressure mea¬ 
sured by a. very sensitive gaugo of tho foregoing 
design. This bulb is enveloped in an outer easing, 
tho annular space being filled with a fluid which, 
while preserving the form of the buib proper, at tho 
same time is mado to prevont diffusion of tho gns in 
tho central vessel by having an equal or greater pres¬ 
sure than that existing internally. The outer jacket 
may bo surrounded by, or enveloped in, some material 


which prevents oxidation, without retarding the 
motion of the heat. For temperatures under 2000° F. 
it has answered fairly well in the preliminary trials, 
and experiments arc being made to test its clliciency 
at still higher temperatures. 

These .are the most striking forms of these new or 
improved heat-indicators. To give a description of 
each design would try your patience, considering that 
there arc over thirty-six forms of the apparatus, the 
greater number of which ore for indicating tempera¬ 
tures tip to the softening point of glass. The pressure- 
gauge, also, can be constructed in twelve different 
forms, depending on the pressure it is desired to 
register. 

mscussiox. 

Professor Mills said: I would like to ask Mr. 
Murrie a question about tho thermometer on figure 
(No. 3) showing the lowest range of temperature. It 
is well known that in constructing a thermometer 
the operator heats the stem very strongly, and nftcr- 
wards drives the mercury up it; the result of it is 
that where the mercury comes in contact with the 
! hot stem it drives all air before it. At the extreme 
. range of the mercury the thermometer can thus bo 
; sealed free from air. The reason for this is, of course, 

| that if we have air inside the thermometer, and allow 
the mercury to move up and down, the air gets 
between the mercury and the glass, in varying 
! amounts according to temperature. The same objec¬ 
tion should apply to nitrogen or other gas. I should 
like to ask .Mr. .Murrie if any of tiie.se irregularities 
linvo been observed, and if it has not been found 
necessary to get rid of them by some means or the 
other. Then, again, as regards the sketch on my 
extreme left (Fig. 0), the.bulb of the thermometer is 
filled with mercury and is kept from deformation by 
being surrounded by mercury in another bulb. I 
suppose for this very high temperature the glass is 
very thick. The question is, Does the thermometer 
keep a constant zero, and docs the bulb undergo nny 
deformation 1 Of course the bulb when very strongly 
heated must become rather soft; and even at lower 
temperature glass is in fact a plastic substance. 
At a very high temperature it must liccomo soft, and 
if thick must tend to float, and ultimately, therefore, 
become deformed. Of course this is only speculation 
based upon experience, but I should like to know 
what happens in both the cases I have mentioned. 

In answer to Professor Mills, Mr. Mi/nni*: said : In 
the glass thermometer indicating to about 800° Fall, 
a diiiiculty is experienced in driving out the common 
air, and replacing it with nitrugen, a trace of oxygen 
having the cflect of forming small specks on Ihoinsido 
of the tube. 

Professor Milks : But does it not get between the 
mercury mid the glass ? 

Mr. Munnit:: Not so far as I have been able to 
determine. If the stem of tho thermometer be licnted 
at tho same time, in the making of tho instrument, 
no gns will adhere to tho sides of tho tube, and in 
practice the gas has not found its way between the 
mercury and tho glass. If it did, tho ellcct would bo 
to break up tho column of mercury into one or more 
sections, while my experience is that tho employment 
of an elastic fluid in tho upper extremity of tho tulio 
prevents this notion, and permits tho instrument being 
lowered in temperature with comparative rapidity, 
without tho fear of the column splitting, Regarding 
Professor Mills’ second question on tho liability of tho 
motai bulb changing its shapo under continued 
healing : This can hardly tnko place if fitted with an 
outer jacket, and working in tho way already 
described. Whon tho instrument was a fixture and 
subjected to bent for any length of time, 1 would 
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depend more on the form of instrument shown on Fig. ! 
3. where the pressure was measured by a gauge, and \ 
the corresponding temperature read oil'. I have made ! 
many experiments with a thermometer without the j 
outer jacket, but litted with an adjustable indicator, ! 
and after one or two trials with a new instrument. I 
found it was not necessary varying the indicator, the 
metal receding to a fixed point. Of course this was 



i 


ft 

W 

Fig. S. 

only in taking occasional measurements of tempera¬ 
ture, where the instrument would only be a few 
minutes in contact with the heated body. /This 
instrument is shown on Fig. 8. So far as variation is 
concerned, the only provision to be guarded against 
is tho expansion of the metal forming the walls of the 
bulb, but this applies to tho ordinary glass ther¬ 
mometer us well, and tho variation is so small ns to 
be immaterial. 


SD&ituatj). 


Du. ADRIAN BLAIKIE. 

At tho early ago of 29 years, this promising 
young chomist passed away on tho morning of 
Saturday, tho 7th of February. 

Dr. Adrian Blaikie was tho fourth son of tho 
Rov. Professor lllaikie, of the Now Collogo, 
Edinburgh. Ho rccoived his sehuol education 
in tho Edinburgh Academy and Fottes Collogo. 
When ho was eighteon ho wont to Stuttgart, 


where lie studied chemistry under Professor von 
Marx, during two years. Returning to Edin¬ 
burgh, he entered on the science curriculum in 
the University, where lie successively took the 
degrees of Bachelor and Doctor of Science. His 
success ns a student isshown by his having been 
awarded the Baxter Physical Science Scholar¬ 
ship, and the Hope Chemistry Prize, at that 
! time tho two highest honours attainable in his 
i special department ; and his powers ns an 
original investigator were proved by a series of 
papers on certain organic compounds of sulphur, 

! the joint work of Professor Crum-Brown and 
himself, published by the Royal Society of 
Edinburgh, during the years 1877-9. After 
holding for one year the post of Lecturer on 
Chemistry at the University College of Bristol, 
Dr. Blaikic was appointed by the (Government 
to assist the Inte Dr.R. Angus Smith in his impor¬ 
tant duties ns the General Government Inspector 
of Alkali Works. To that work Dr. Blaikic 
brought skill, industry, and enthusiasm ; so that 
he soon became, not only the ollicial assistant, 
but the trusted friend of his chief. On tho 
death of Dr. Smith, in May of last year, Dr. 
Blaikie was promoted in the service to the res¬ 
ponsible position of the Inspector of the Tyne 
! district; and in August lie entered with ardour 
upon his new duties in Newcastle.. But these 
were not to last long. Dr. Blaikic had never 
| been very strong ; and in the last week of 
November lie was seized with an intermittent 
fever, which, after a lingering illness, resulted in 
his death early on Saturday morning, 7th 
! February, at bis father’s house in Edinburgh. 

This event has deprived many of a friend, 

I endeared to them by bis retinol and winning 
: nature, and has cut oil' a young life of great 
j promise. 
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I. —GENERAL PLANT, APPARATUS, AND 

MACHINERY. 

hiijirorciiinil .1 in A/i/umiiusfur 1‘urtYyiiig <mtl Siifleniiiy 

if'nttr furHteinn Jioilcr.i, Lunntlry uml Other I‘ur/>v.ies. 

II. .). A. Bowers, Acton, ling. Pat. -ISI, Jail. 3, 1SS4. 

Till-: inventor separates the mineral ami other imimritiox 
from the feed-water before ils entry into the boilers, by 
first conveying it into a large pipe lixed in the steam 
space of a boiler. This pipe presenting u considerable 
surface to the steam in the builcr, the temperature of tho 
water passing through approximates closely to that of 
tho steam; the mineral and other impurities, which are 
Liable to form scale or deposit in boilers, are thus rendered 
insoluble. Tho feed-water now passes from the pipe into 
an apparatus culled the separator. This consists of two 
vertical clmmlicrs standing upon, and connected with, a 
lower vessel, which tapers downwards to a small outlet 
provided with a eock or valve. Tito feed-water enters at 
tho top of the smaller vortical chamber, pusses from 
thence into tho lower vessel, in which tho heavier 
•insulaIdo particles nro deposited, and then linds its way 
into the larger vertical chamber, entering ut the lower 
end. This chamber contains suitable filtering materials, 
ill rough which tho water finally passes in ils upward 
course, previously to its delivery into the boiler. Tho 
heavier imparities aro drawn oil'from tho lower tapering 
vessel liy iiieiuiH of tho blow-oil'cock or valve.—K. G. C. 






